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1
Introduction

As the number of fish in rivers and streams diminishes and become threatened, endangered, or extinct, we see a growing concern from the local communities that is being met with increased funding and political attention. There is a need for better fish monitoring tools for the riverine environment.  Leaders in the riverine sonar community have identified several deficiencies in current systems.  Scientific Fishery Systems, Inc. proposes to develop a broadband sonar fish tracking system for use in shallow water environments.  The proposed system will address many of the current deficiencies, resulting in a broadband fish tracking system with 10 times better range resolution and at least 6 dB improvement in the detection threshold for targets.

1.1
Significance of the Problem
Today we do not have adequate means of measuring the size, distribution, abundance, and passage rates of fish in the presence of man-made impediments in riverine environments.  The following is an excerpt from a National Marine Fisheries Service annual report:

The efficiency of many collection channels at dams in attracting adult fish remains unknown.  These facilities were often constructed without evaluating their effectiveness in attracting and passing adult salmon and steelhead around dams and reservoirs as they migrate upstream. In the Columbia River Basin, endangered adult Pacific salmon and steelhead must pass from 1 to 15 dams (hydropower and irrigation) and reservoirs on their upstream migration.  Not only is it unknown how well fish collection channels on the river attract fish, but it is also unclear whether these channels effectively determine delays when fish pass, or quantify fallbacks to the downstream side of the dams after fish go up the fish ladders.

The primary tools for monitoring fish passage in an area where there are man-made impediments to travel are tags and sonar.  There are many tagging solutions, ranging from sonar tags for actively following a fish, to clipping of a fin for later identification.  Sonar is used predominantly for assessing the quantity and behavior at key points along a fishes path.  In these shallow water environments, the sonar's ping rate is set very high (up to 30 pings per second) to provide multiple reflections from a single target.  Each target detection is passed to a fish tracking program that aggregates successive pings in the same or adjoining range cells into a "track" of the fishes path through the sonar beam.

Tracking fish is also the primary method of fish counting in riverine environments such as those found in Alaska and Canada.  This information is the primary tool used for determining the size of the fish runs (e.g. Burwen & Bosch, 1998 & 1999; Xie, Cronkite & Mulligan, 1997).

In both environments, split-beam sonar systems are used to provide the location of the fish within the water column.  Split-beam sonar has a transducer that is divided into four quadrants.  The target detection id determined by comparing the echoes received from each quadrant.  Using the phase difference between the signals received by the hydrophones allows the target to be located in the water column.

1.2
Research and Development Opportunity

In the Sonar Riverine Workshop hosted at the Applied Physics Laboratory at the University of Washington (Feb. 15-17, 1999), there was a thorough review of the current state-of-the-art in riverine sonar technology.  Several deficiencies in the existing technology were discussed as part of the Phase I work plan.  Table 1 summarizes the issues and the potential broadband sonar solution, and lists the report section that addresses the issue(s).

During Phase I, SciFish has identified several additional deficiencies that need to be addressed.  Some of these issues can potentially be addressed by exploiting the broadband sonar and others will require a different approach such as tracking and changing the beam geometry relative to the shore.  Each of the deficiencies and solutions are listed in Table 2 with a reference to the appropriate section of this report where the issue is addressed.

It became clear, as a result of this analysis, that developing a split-beam tracker for broadband sonar is not sufficient to address the broader range of requirements that need to be met within the riverine environment.  As such, SciFish has expanded the original scope of the Phase I effort to include as many of these additional technical challenges as possible. 

Table 1.  Fish Tracking Sonar Deficiencies and Potential Broadband Solutions

	Issue
	Deficiency
	Potential BB Sonar Solution
	Report Section

	Target Identification
	Non-fish targets (leaves, bubbles, etc.) are difficult to discriminate from fish targets.
	SciFish has developed a target identification procedure for identifying fish species.
	§6 – Doppler Processing

§9 – Classification

	Target Detection
	Signals are strongly affected by silt and bubbles in the water, causing many drop-outs in fish that are tracked.
	Broadband sonar uses longer pulses that provide more stable estimates of the signal and they allow for greater SNR.  This, combined with matched filter detection, will theoretically provide at least 6 dB increase in SNR.
	§5 – Detection

	Range Resolution
	Sonar range resolution is 13 cm or more, making it difficult to resolve multiple fish that are closely spaced together. Better range resolution is needed to improve tracker performance.
	Broadband sonar exploits the time-bandwidth product to produce spatial resolution on the order of 1.5 cm - nearly a 10-fold improvement over existing technology.
	§5.3 – TB Product

	Species Identification
	There is no reliable method of differentiating different species in a multi-species environment.
	As mentioned above regarding target identification, SciFish has developed a process for identifying fish to species.  In Phase II, this aspect of the system will be examined within the riverine environment.
	§9 – Classification

§6 – Doppler Processing

	Reverberation
	Reverberation remains a key concern for sonar system design in the shallow water environments where many of these sonar systems are deployed.
	RDI, under a separate Phase II SBIR, is developing a horizontal current profiler for riverine environments that is addressing this issue.  These results will be leveraged here.
	§5.5 – Reverberation


Table 2.  Additional Fish Tracking Sonar Deficiencies and Potential Solutions

	Issue
	Deficiency
	Potential Solution
	Report Section

	Fish Density
	Tracking a large number of fish (> 100 fish per minute) accurately.
	There are at least three approaches possible: (1) improving range resolution; (2) improving split-beam angle resolution; and (3) improving the tracking algorithms. 
	§5.3 – TB Product

§5.4 – Processing Gain

§7 – Split-Beam Loc’zation

§8 – Tracking

	Fish at Close Range
	Tracking fish very close to the transducer (often in dense schools)
	Change the geometry relative to the shore from perpendicular to downstream to increase the sample volume.
	§5.9 – PD & Dur. in Beam



	Clutter Rejection
	Detection thresholds must be set high to reduce clutter, or the beam must be pointed at a less than optical grazing angle relative to the bottom to reduce clutter.
	There are at least two approaches possible: (1) utilize the classifier to discriminate clutter returns from non-clutter; and (2) improved tracking algorithms that eliminate clutter through improved state estimation.
	§9 – Classification

§8 – Tracking



	Uneven Substrate
	Detecting fish in locations with rough and uneven bathymetry, often accompanied by large rocks or sunken debris
	Site selection becomes crucial for the deployment of the sonar.  Using bathymetric maps or developing artificial substrates are the best solutions to date.
	§4.1 – System Baseline


1.3
Commercial Potential

EPA estimates that there are 68,000 dams.  The National Park Service estimates that there are 75,000 dams.  The Wall Street Journal estimates that there are 80,000 dams.  The problems of tracking fish in three dimensions near dams to determine fish behavior is a major issue for many of these dams, especially those in the Columbia River Basin where the threatened and endangered salmon and steelhead have recently received the attention of the Office of the President.  Assuming only 5% of these dams require fish monitoring, and that SciFish is able to capture only 10% of that market, this conservatively represents a $34 M market.

RDI has over 100 employees and over $15 M in annual sales.  Nearly all of this has resulted from SBIR projects that have been successfully commercialized.  SciFish and RDI have recently executed a Joint Cooperative Agreement for the exclusive development of broadband fisheries sonar products.  Under this arrangement, SciFish and RDI are commercializing the SciFish 2000.  Through this strategic partnership, SciFish will be able to work directly with a company that has a proven track record in commercialization.  As such, one strategy for commercialization will include coupling the fish tracking technology with RDI's horizontal current profiler currently under development.  Another strategy is to expand the current commercialization activities with the SciFish 2000 product line.

1.4
Final Report Roadmap

This report is organized into 13 sections.  This first Section provides a general introduction to this project, discussing the significance of the problem, the research opportunities it presents, the expected commercial potential, and this roadmap.  Section 2 reviews the accomplishments made during Phase I.  Section 3 compares these accomplishments against the original Phase I objectives.  Section 4 provides background in two areas.  First, the known riverine sonar system requirements are reviewed and an existing baseline is presented when requirements are not available.  This section takes a look at operational ranges, passage rates, fish speed, fish density, fish aspect, counting accuracy, and classification accuracy.  Second, the background section reviews broadband sonar systems, with a discussion of the advantages and disadvantages of broadband sonar.  Section 5 is a large section that addresses many aspects related to the detection of fish in a riverine environment.  In this section we begin with the sonar equation and begin looking at specific aspects of this equation relative to processing gains from pulse compression, reverberation levels, shadowing, clutter, aspect angle, and probability of detection.  Where applicable, specific comparisons between an existing narrowband sonar (HTI Model 243) and our 150 kHz broadband sonar (SciFish 2000) are provided.  Section 6 looks at the possible contributions from Doppler measurements, including a lengthy discussion of the measurement of Doppler using a broadband sonar.  Section 7 addresses localization with all of the emphasis on split-beam localization.  With the foundation built with the sections on detection and localization, section 8 covers tracking, including three different tracking algorithms that used split-beam localizations: the traditional tracker, the SciFish Tracker, and (-( Tracking.  Section 9 discusses classification, including a review of prior work by SciFish and others work in the area of species discrimination and size estimation and the species discrimination work done during Phase I using data collected in the Kenai River.  Section 10 brings the previous sections into a system design, briefly outlining the system that will be built, tested, and marketed during Phase II.  Market potential is reviewed in Section 11, the report is summarized in Section 12, and references are provided in Section 13.

2
Accomplishments

1. Developed, implemented and tested a line-tracking algorithm for tracking fish using split-beam riverine sonar data.  Subsequently, the more capable (-( tracker has been explored for the next generation unit that would be developed during Phase II.

2. Demonstrated the ability to perform species discrimination using data collected in the Kenai River AK with the Alaska Department of Fish and Game (ADF&G).  Initial results on a small sample size were 92% correct identification of sockeye salmon (Oncorhynchus nerka) and 87% correct identification of chinook salmon (Oncorhynchus tshawytscha).

3. Conducted two sets of pool tests to supplement the Kenai River data collection; each set of pool tests focused on specific aspects of riverine performance, including: target tracking through the beam; shadowing; range precision; aspect angle; and clutter.

4. Characterized key aspects of system performance relative to the existing narrowband sonar systems including: target discrimination, processing gain; reverberation level; Doppler processing; and split-beam localization.  This analysis shows that a 150 kHz broadband split-beam riverine sonar system provides a 20.9 dB system performance improvement over the current narrowband split-beam riverine sonar in use today.

5. Conducted an extensive review of the current requirements and baseline performance for riverine sonar systems.

6. Conducted a detailed characterization of all aspects of the broadband sonar system’s performance, including processing gain, reverberation, shadowing, clutter, aspect-angle dependence, and probability of detection.  These analyses included a comparative evaluation of existing narrowband and broadband systems whenever possible.

7. Studied the possible contribution of Doppler processing as a mechanism for counting and species identification.

8. Produced a comprehensive system design document that specifies the configuration for the next generation broadband split-beam riverine sonar system.

9. Developed working relationships with three user communities, including: ADF&G, Cordova District Fisherman’s United, and Wildlife Conservation Society.

10. Wrote a paper describing preliminary classification results on the Kenai River that will be delivered at the November 9-10, 2000 ADF&G Sonar Riverine Workshop in Fairbanks AK.

11. Developed a business plan, that includes a marketing plan as a key component, for the commercialization of the broadband riverine sonar system within the context of extending the existing broadband sonar product line.
3
Objectives

The primary objective of the Phase I research plan was to demonstrate and evaluate the use of a split-beam broadband sonar system for tracking fish in a riverine environment.  To achieve this objective, there were seven subordinate objectives that were to be achieved.  In the table below is the objective cited in the Phase I proposal and the accomplishment achieved during Phase I.

Table 3.  Meeting the Phase I Objectives

	Phase I Objective
	Accomplishment

	1. Integrate FishMass with SciFish 2000's data collection and storage system.
	A broadband split-beam sonar data stream was programmed for data storage within SciFish 2000, SciFish’s hull-mounted broadband sonar fish identification system.

	2. Implement the fish tracking algorithm.
	A fish tracking algorithm was implemented and tested with split-beam sonar data.  The extension of this tracking algorithm to an (-( tracker has been developed and is ready for Phase II implementation.

	3. Develop the data collection system.
	The data collection system that was originally envisioned was the correlation of fish with stereo cameras over a clear stream.  This approach was replaced with pool tests, which provide far greater control over the tracking environment, allowing more cost-effective and efficient tracker development.

	4. Deploy the broadband sonar system in a clear water riverine environment.
	The broadband sonar was deployed in the Kenai River, a muddy river, with supplemental tests conducted in the local swimming pool.  The Kenai River tests confirmed that species identification and tracking was feasible.  The pool tests were used to address specific issue such as shadowing, clutter, and aspect angle performance.

	5. Analyze the fish tracker's performance.
	Using data collected from the Kenai River, we have established that the Fish Tracking algorithm produces fish counts that agree with those produced by manual track creation.  The fish tracker, however, was not operating data from extreme fish densities.  Having established tracking in a low density environment, during Phase II it will be necessary to place the sonar on a river during the time when passage rates are much higher.

	6. Develop a marketing plan.
	SciFish has spent considerable time developing a business plan for the hull-deployed broadband sonar fish identification system.  Using the methodologies developed through this process, we have produced a sales and marketing plan for the split-beam riverine sonar product.

	7. Report the results of this work to the riverine sonar community.
	SciFish is working closely with the Alaska Department of Fish and Game in the development of the next generation of the broadband split-beam riverine sonar.  In addition, SciFish will be making a presentation to the riverine sonar community in November, describing the results of our work on the Kenai River and how we are utilizing the pool to address specific issues that have arisen during these data collection efforts.


4
Background

4.1
System Baseline and Requirements

When developing a set of system requirements for a riverine sonar, it becomes quickly evident that each river has its own specific characteristics and needs.  As an example, the Wood River in Alaska and the Fraser River in British Columbia have tremendous passage rates (up to 450,000 fish in a single 48 hr period), while other rivers such as the Copper and Yukon Rivers in Alaska have tremendous sediment loads, frequent ice berg, and large amounts of debris.  Still other rivers, such as those in the UK, are quite shallow and require very precise fish counts.

Given the variability of each river system, we have attempted to develop a set of specifications that represents the worst case.  In some instances, such as fish classification accuracy, there is no existing requirement.  In these instances, we have stated the best-known performance to provide, at a minimum, a starting point.

4.1.1
Operational Ranges

There are two extremes to the operational requirements for a riverine sonar:  maximum and minimum range.  Addressing the maximum range first, we have a maximum range requirement of 100 m by the Alaska Department of Fish Game (ADF&G, 2000) and a reference to possibly 400 m for the Fraser River in British Columbia (Xie, Cronkite & Mulligan, 1997).  With longer ranges, it is understood (see discussion toward end of document) that the ping rates (or preferably pulse repetition frequency) is lower.  Additional elements of the operational range that require attention include significant sediment load in some rivers such as the Yukon and Copper Rivers of Alaska, and the uneven bathymetry of the river that provides acoustic dead zones that fish can travel through. 

The minimum range requirement is 1 m.  Many salmonids tend to run close to shore in small schools or clusters. These densely packed schools create several challenges.  First, there is very little time spent in the beam at close range.  Second, the densely packed fish might not be individually resolvable.  And Third, the fish are traveling in the near-field of the sonar beam, which complicates some of the range calculations.

4.1.2
Fish Passage Rates

The two greatest passage rates that have been published to date are those in the Wood River in Alaska (BioSonics, 1999) and the Fraser River in British Columbia (Xie, 2000):

· Fraser River, Spences Bridge.  Passage rates of 450,000 were estimated over a 48 hour period between August 8 and 9, 1998 (156 fish per minute).

· Fraser River, Spences Bridge, Passage rates of 8000 fish per hour (133 fish per minute) were observed.

· Wood River.  Passage rates of nearly 7000 fish in a single 10 minute period where recorded from visual tower counts (700 fish per minute). 

4.1.3
Fish Speed and River Flow Rate

Canadian fishing agencies evaluated the relationship between river flow rates and swimming speed and found that fish speed increased as river flow rate decreased (Xie, Cronkite & Mulligan, 1997).  In the Fraser river the fish swimming speeds varied from 0.55 to 0.7 m/sec early August and 0.7 to 0.9 near end of August.

4.1.4
Fish Density

It has been observed by Degan (2000) that salmon that do tend to cluster during upstream travel, such as sockeye, are separated by ½ a fish length.  This relationship carries for both side-to-side and head-to-tail reference frames.  If we assume a minimal Length-Girth-Width measurement for the fish being detected of 300-150-50 (mm), then when the salmon are clustering, they are separated by 150 mm around the entire fish.  The observations by Degan agree with those documented by Pitcher & Partridge (1979) who suggest that there is typically one fish per cubic body length.

The packing density of fish schools is a critical issue for riverine sonar because of acoustic shadowing.  The key question is “How big is the acoustic shadow of a fish?”  Some empirical experiments are found in a later section that addresses this issue.

4.1.5
Fish Aspect Relative to Shore

In 1995, Xie, Cronkite & Mulligan (1997) challenged some of the base assumptions imposed on a hydroacoustic fish counting system.  One of those assumptions was that the path of all fish is along a trajectory parallel to the shore.  What they found for salmon in the Fraser River was approximately 15% of the time this is true, but the distribution of angles relative parallel followed a bell shaped distribution from –60 degrees to 60 degrees from parallel centered around – 5 degrees from parallel.  Extracting numbers from the histogram found on page 21 of their report (Figure 1), we see that approximately 25% of the time they are swimming at an angle of 20 degrees from parallel or more.
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Figure 1.  Histogram of fish swimming trajectory with respect to river bank (an angle of zero degrees corresponds to a swimming angle parallel to the shore).  From Xie, Cronkite & Mulligan (1997).

4.1.6
Counting Accuracy

SciFish has not been able to find a stated counting accuracy requirement for any river system.  When SciFish questioned the lack of a counting accuracy requirement in the ADF&G’s recent RFP (ADF&G, 2000), the stated position of the Alaska Department of Fish and Game (ADF&G) regarding a specific counting accuracy requirement is the following (White, 2000):

The Department feels it is not possible to give a single range of accuracy for all systems.  Riverine sonar is based on a whole series of tradeoffs.  A system that will be more accurate for high-passage rates at near range will be less accurate for counting low-densities at far range.  Reverberation can be traded off for detectability. Sampling error can sometimes be traded off for bias, and so on.  The counting accuracy must be considered on a case by case basis and as such any strict accuracy requirements would be seen as unduly restrictive if not completely unattainable.    It is for these reasons that no specific accuracy requirements were included in the RFP.

It is not known if other agencies share the same opinion, but it remains clear that counting accuracy is ill-defined.  As an alternative, the next best step is to summarize the current level of counting accuracy by systems in the field.

It is a widely held belief that fish tracking is the best means of counting fish in a riverine environment.  This belief is supported by the need to ensure that a single fish is not over-counted when it is repeatedly sensed over a sequence of pings.  However, with dense fish passage, it becomes increasingly difficult to detect individual fish.  Under these conditions, tracker performance degrades quickly.

BioSonics Tracker.  In the 1998 report of the Wood River Data Collection (BioSonics, 1999a), the comparison of tower counts made by human observers and fish track counts made with the BioSonics system demonstrated some limitations.  Below is reconstruction of Figure 19 from this report (Figure 2), showing that once the passage rate of 100 fish per minute is exceeded, the difference between the number of fish counted from the tower and the number of fish counted by the sonar system increases dramatically, with the number of missed counts exceeding 200 fish per minute.  At peak passage rates, the BioSonics sonar is missing over five times as many fish as it is counting.
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Figure 2.  Fish Track Errors in BioSonics Sonar, Wood River 1998

Refinements were made to the tracker that produced the results shown above (Figure 2).  Additional field tests were conducted in the following summer and are described in detail in BioSonic’s 1999 Final Report (BioSonics, 1999b).  In these experiments, the fish track counting approach tended to agree with the tower counts for low passage rates, but just as had happened in 1998, when the passage rates exceeded 30 fish per minute, fish tracking would severely undercount the number of fish.

Pacific Salmon Commission’s Fish Tracker.  PSC’s Fish Tracker is accurate up to 3,000 fish per hour (Xie, 2000) – 50 fish per minute.  Like the BioSonics fish tracker, the PSC tracker tends to underestimate the number of fish at higher passage rates.

The “Bendix Algorithm”.  The “Bendix Algorithm” is a process that combines an echo counting algorithm with input from the user.  This method counts all echoes in user-selected range bins, then scales the overall count by the number of echoes per track from respective bins, as observed on the oscilloscope.  For this reason, BioSonics has termed this method of counting as “Scaled Echo Counts.” 

When considering all of the above techniques, there is no single technique that meets all of the needs for counting fish in a river.  As an example, the following is the ADF&G official position regarding fish counting in a riverine environment.

“ [T]here are a number of statistical methods utilized by the Department to estimate fish passage.  In certain situations, some of these algorithms have advantages and desirable properties, whereas in other situations these advantages are lost.  Target tracking is, for example, much more attractive for estimating low-density passage at far range.  Scaled echo count algorithms are preferred at very high-density passage at close range.  Either way, the echo counts must be scaled and some form of tracking is used to generate the scale factor.  In cases where detection is a problem, an estimator such as the Kieser-Mulligan (Mulligan & Kieser, 1996), echo counting algorithm is preferred, which also must be scaled.  All of these estimators need to be in the toolbox.

Recently, there has been a great deal of effort placed on producing better tracking algorithms.  In particular, the (-( tracker has been receiving a great deal of attention (ADF&G, 2000b).

4.1.7
Classification Accuracy

Although there has been a stated desire to discriminate between species in a riverine environment, or any aquatic environment for that matter, there has not been a level of classification accuracy attached to this desire.  The single best riverine study that has been conducted to date has been by Burwen & Fleischman (1998).  In 1996, Burwen and Fleischman performed a set of seminal experiments that explored the discrimination potential of various narrowband sonar parameters that were collected on 93 tethered salmon.

During Phase I, SciFish conducted a similar set of experiments with our 150 kHz Broadband sonar.  The broadband sonar data was collected using the same tethering methodology and with the guidance of Burwen, so the sampling approach is very similar.  The results of these classification experiments are found in §9.2.

4.2
Broadband Sonar Systems

How is broadband different from narrowband?  What are the advantages?  What are disadvantages?  Each of these topics is discussed below.

4.2.1
Advantages of Broadband Sonar

There are four primary advantages of broadband sonar over the existing narrowband systems: (1) spectral information for species identification, (2) improved target detection, (3) more stable estimate of signal, and (4) improved target resolution.  Each of these is addressed in the following three sections.

4.2.1.1
Species Identification

Recently, the fisheries hydroacoustics community has began looking at broadband (and wideband) sonar as method for assessing fish stocks.  In the plenary address at the 1995 ICES International Symposium on Fisheries and Plankton Acoustics held in Aberdeen Scotland, David MacLennan (1996), one of the most distinguished members of the fisheries hydroacoustics community, gave his impression of what might lie ahead (pg. 515, emphasis added by SciFish):

In spite of the availability of an impressive suite of analytical tools such as neural net processing, expert systems, and new methods of discriminant analysis, we believe that these data processing aids cannot successfully resolve the problem of acoustically aided species identification without being fed clues with better discrimination capabilities than are available at present.  In general, existing survey techniques do not measure many of the features that are necessary for accurate target classification.  In the most, general case, it may well be impractical to extract good classification clues from an acoustics sensor that is optimized for biomass assessment.  A well-established theorem in information theory holds that the information-carrying capacity of a communications channel depends on its bandwidth.  Thus, the trend toward the use of wideband systems is likely to be a fruitful approach.

Increasing the bandwidth in acoustical signal processing has the potential to achieve greater overall resolution with an acoustical sensor.  In essence, one improves the ability to distinguish the individuals in a school or aggregation and perhaps even the component parts of individual animals.  Information so derived provides detail for examining structure, shape, ping-to-ping motion, and fine-scale distribution.  In addition to increasing range resolution, there are other dimensions to be explored, such as spectral analysis of echoes using the Doppler affect to reveal target motion and behavior.
SciFish and their strategic partner, RD Instruments, have built nearly ten broadband sonar systems for fish identification and demonstrated repeatedly that it is capable of fish species identification using the data collected.  SciFish is now making a commercial version of the system under a mutually exclusive arrangement with RD Instruments (SciFish 2000).  The later section on Classification describes the preliminary classification results we have achieved in the Kenai River during Phase I, where we were able to discriminate sockeye from chinook salmon 90% of the time.

4.2.1.2 Target Detection

Ideally, if we wanted both long detection range and fine range resolution, we would transmit extremely narrow pulses of exceptionally high peak power.  But there are practical limits on the level of peak power one can use.  We have learned from airborne radar signal processing that we can obtain long detection ranges at reasonable ping rates by using fairly wide pulses.

One solution to this dilemma is pulse compression.  That is, transmit internally modulated pulses of sufficient width to provide the necessary average power at a reasonable level of peak power; then “compress” the received echoes by decoding their modulation.

The two most common methods of coding are line frequency modulation and binary phase modulation.  Each of these is described in the later section on Pulse Compression where we illustrate how broadband sonar can improve the target detection by nearly 19 dB over the current narrowband systems in use today.

4.2.1.3
Target Size Discrimination

One of the more powerful attributes of broadband sonar systems is the ability to exploit the time-bandwidth product to realize improved target size discrimination.  The wider the bandwidth and the longer the pulse duration, the better the range resolution, and hence the target discrimination.  As we show in the later section on Time-Bandwidth Product, the SciFish broadband sonar provides 1 cm range resolution, more than a 10-fold improvement over the current narrowband sonar systems in use today.

4.2.1.3
Stable Signal Estimate
Broadband echoes enable more stable estimates of echo intensity.  Figure 3 illustrates narrow and broad bandwidth echoes.  The assumption is that the background scatterers are uniformly distributed and the same for both echoes.  The narrow bandwidth echo was chosen to illustrate the effects of “Rayleigh fading”—this is the substantial difference in the echo intensity between the first and second halves of the echo.  In contrast, the intensity of the broad bandwidth echo is more constant.  Figure 3 shows the associated probability distributions of echo intensity. The narrow bandwidth has a chi-squared distribution with 2 DOF while the broad bandwidth distribution is the same but with more degrees of freedom (DOF).  More DOF means less variation in intensity plus less chance of echo intensity being near zero (the Raleigh fading).
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Figure 3. Characterization of Stable Signal Estimation with Broadband Sonar

The key point of the Figure 3 is that the broadband backscatter gives a more stable representation of the scatterers actually present in the water.  To understand how this broadband approach works, consider first that a short pulse separates targets better than a long pulse.  Then consider the different approaches narrowband and broadband systems use to obtain longer pulses to profile greater distances.  Narrowband systems transmit longer pulses by simply lengthening their monochromatic pulse. The consequence is that they obtain coarser spatial resolution. In contrast, broadband systems transmit coded pulses—the code element length is the same as the original short pulse (see figures below).  The objective is to retain the bandwidth of the single code element even though coding lengthens the pulse.  With the use of the signal autocorrelation, one can recover an effective pulse length that is the same as the original short pulse.

4.2.2
Disadvantages of Broadband Sonar

4.2.2.1
Lower PRF

Longer pulses mean lower pulse repetition frequency (PRF).  The difference between the pulse widths between narrowband and broadband pulses defines the amount of time difference.  But, when taking into account the need to wait for a complete round trip for each acoustic ping to the desired range, this limitation is not significant.

4.2.2.2
Blanking Range

When the pulse is being transmitted, it is not possible to simultaneously listen.  This limits the close range of the transducer.  The far field for the 4 degree SciFish 2000 is approximately 3 m, so the blanking range, which is exactly as long as the pulse, would still place targets in the near field.  Having said this, it is still well known that sockeye salmon do tend to travel closer to the shore, so this would require that the transducer be aimed downstream to provide the greatest probability of detection.

4.2.2.3
Increased Reverberation

Longer pulses could mean more reverberation, but with matched filter (pulse compression) detections being used, the reverberation level is measured at the compressed time interval.  A comparison of narrowband and broadband reverberation estimates is found later in this document.

4.2.2.4
More Complex Processing

It is undeniable that broadband sonar signal processing is more complex than its narrowband counterpart.  But, the signal processing that is being used is well understood and has been applied and used in a wide range of applications.  In addition, the speed of processing has grown dramatically, placing the processing requirements well within the range of current technology.  This subject is specifically addressed near the end of this document.

5
Detection

The ability to detect an echo from a target decreases with range.  Loss of echoes with increasing range results from lower signal-to-noise ratios (SNR’s) for long-range acoustic signals in the riverine environment.  While it is difficult to characterize the acoustic condition with a simple model, the primary acoustic mechanisms for the low SNR include the following (Xie, 2000):

· Increase of volume reverberation with range;

· Amplification of ambient noise level by the time-varying gain;

· Scattering and absorption of acoustic energy by fish targets, especially at heavy densities;

· Acoustic shadowing by irregular topography and surface bubbles; and

· Dissipation of acoustic energy with range, especially at high frequencies.

In the following sections, various aspects of this detection loss will be examined by building the sonar equation for the riverine environment and providing comparative values for two existing narrowband and broadband sonar systems.

5.1
Sonar Equation

All the characteristics of the sonar system, the sound transmission, and the scattering characteristics of the objects are combined in the sonar equation.  The sonar equation is usually expressed in decibels after all quantities have been made dimensionless by the use of reference distances and reference sound pressures.

5.1.2
Basic Active Sonar Equation

The active-sonar equation for the monostatic case in which the source and the receiver are coincident and in which the acoustic return of the target is back toward the source is:
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where:

SL = Projector Source Level

TL = Transmission Loss

TS = Target Strength

NL = Noise Level

DI = Directivity Index

DT = Detection Threshold

5.1.2
Broadband Active Sonar Equation with Reverberation

The basic sonar equation must be modified to include two additional terms that are significant to the development of a broadband riverine sonar.  These are:

PG = Processing Gain from exploiting the time-bandwidth product for detection

RL = Reverberation Level, both from volume reverberation and surface reverberation

Which results in the modified sonar equation
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Figure 4.  Characterization of Pulse Compression.  From Stimson (1983).

5.2
Pulse Compression

5.2.1
Linear Frequency Modulation (Chirp)

Because it is similar in sound to the chirping of a bird, this method of coding was called “chirp” by its inventors.  Since it was the first pulse compression technique, some people still use the terms chirp and pulse compression synonymously.

5.2.1.1
Basic Concept

With chirp, the sonar frequency of each transmitted ping is increased at a constant rate throughout its length.  Every echo, naturally, has the same linear increase in frequency.

The received echoes are passed through a filter.  It introduces a time lag that decreases linearly with frequency at exactly the same as the frequency of the echoes increases.  Being of progressively higher frequency, the trailing portions of an echo take less time to pass through the leading portion.  Successive portions thus tend to bunch up.  Consequently, when the pulse emerges from the filter its amplitude is much greater and its width much less than when it entered.  The pulse has been compressed.

5.2.1.2
Incremental-Frequency Explanation

What actually happens when an echo passes through the filter can be visualized most easily if we think of the echo as consisting of a number of segments of equal length and progressively higher frequency.  In fact, in one form of pulse coding—incremental frequency modulation—the transmitted wave is modulated in exactly this way.  The first segment, having the lowest frequency, takes longest to get through the filter.  The second segment takes less time than the first; the third less time than the second, etc.

The increments of frequency are such that the difference in transmit time for successive segments just equals their width.  If the segments are 0.1 microseconds wide, the first segment takes 0.1 microseconds longer to go through than the second; it, in turn, takes 0.1 microseconds longer to get through than the third, etc.  As a result of passing through the filter, the second segment catches up wit the first; the third segment catches up with the second; the fourth segment catches up with the third, and so on.  All segments thus combine and emerge from the filter at one time.  The output pulse is only a fraction of the width of the received echo; yet, it has may times its peak power.

5.2.1.3
How Range Resolution Is Improved

Figure 4 shows what happens when the echoes from two closely spaced targets pass through the filter.  Since the range separation is small compared to the pulse length, the incoming echoes are merged indistinguishably.  In the filter output, however, they appear separately—staggered by the targets’ range separation.

It seems like magic… until you consider the coding.  Because of it, each segment of the echo from the near target emerges from the filter at the same time as the first segment of this echo.  And each segment of the echo from the far target emerges as the same time as the first segment of that echo.  The difference between these times, of course, is the length of time the leading edge of the transmitted pulse took to travel from the first target to the second and back.

The range resolution is thus improved by the ratio of the width of the individual segments to the total width of the pulse.

5.2.1.4
Relative Merits of Chirp

Linear frequency modulation has the advantage of enabling very large compression ratios to be achieved.  In addition, it is comparatively simple.  No matter when a pulse is received or what its exact frequency is, it will pass through the filter equally well and with the same amount of compression.

The principal disadvantage is a slight ambiguity between range and Doppler frequency.  If the frequency of a pulse has been, say, increased by a positive Doppler shift, the pulse will emerge from the chirp filter a little sooner than if there were no such shift.  The sonar will have no way of telling whether this difference is due to a Doppler shift or to the echo being reflected from a slightly greater range.

5.2.2
Binary Phase Modulation

As the name implies, in this type of coding the frequency phase of the transmitted ping is modulated, and the modulation is done—as in incremental frequency modulation—in finite increments.  Here, though, only two increments are used: 0( and 180(.

5.2.2.1
Basic Concept

Each transmitted pulse is, in effect, marked off into narrow segments of equal length.  The frequency phase of certain segments is shifted by 180(, according to a predetermined binary code.  This is illustrated for a three-segment code in the figure below (Figure 5).  A common shorthand method of indicating the coding on paper is to represent the segments with + and – signs.  An unshifted segment is represented by a +; a shifted segment by a -.  The signs making up the code are referred to as digits.
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Figure 5.  Characterization of Binary Phase Modulation.  From Stimson (1983).

The received echoes are passed through a delay line, which provides a time delay exactly equal to the duration of the uncompressed pulses, (.  Thus, as the trailing edge of a echo enters the line, the leading edge emerges from the other end.  The delay line may be implemented either with an analog device or digitally.

Like the transmitted pulses, the delay line is divided into segments.  An output tap is provide for each segment.  The taps are all tied to a single output terminal.  At any one instant, the signal at this terminal corresponds to the sum of whatever segments of a received pulse currently occupy the individual segments of the line.

Now, in certain of the taps, 180( phase reversals are inserted.  Their positions correspond to the positions of the phase-shifted segments in the transmitted pulse.  Thus, when a received echo has progressed to the point where it completely fills the line, the outputs from all the taps will be in phase.  Their sum will then equal the amplitude of the pulse times the number of segments it contains.

To see step-by-step how the pulse is compressed, consider a simple three-segment delay line and the three-digit code, illustrated in Figure 6.  Suppose an echo from a single point target is received (see Figure below).  Initially, the output from the delay line is zero.  When segment no. 1 of the echo has entered the line, the signal a the output terminal corresponds to the amplitude of this segment.  Since its phase is 180(, the output is negative: -1.
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Figure 6.  Example of 3-Digit Binary Phase Modulation.  From Stimson (1983).

An instant later, segment no. 2 has entered the line.  Now the output signal equals the sum of segments no. 1 and no. 2.  Since the segments are 180( out of phase, however, they cancel: the output is 0.

When segment no. 3 has entered the line, the output signal is the sum of all three segments.  Segment no. 1, you will notice, has reached a point in the line where the tap contains a phase reversal.  The output from this tap, there fore is in phase with the unshifted segment no. 2.  The phase of segment no. 3 also being unshifted, the combined output of the three taps is three times the amplitude of the individual segments: +3.

As segments no. 2 and no. 3 pass through the line, this same process continues.  The output drops to zero, then increases to minus one, and finally returns to zero again.

A somewhat more practical example is shown in the figure below (Figure 7).  This code has seven digits.  Assuming no losses, the peak amplitude of the compressed pulse is seven times that of the uncompressed pulse, and the compressed pulse is only one-seventh as wide.
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Figure 7.  Example of 7-Digit Binary Phase Code.  From Stimson (1983).

5.2.2.2
Sidelobes

Ideally, for all positions of the echo in the lines—except the central one—the outputs from the same number of taps would have phases of 0( and 180(.  The range outputs would then cancel, and there would be no range sidelobes.

One set of codes, called the Barker codes, comes very close to meeting this goal.  Two of these have been used in the examples above.  As you have seen, they produce sidelobes whose amplitudes are no greater than the amplitude of the individual segments.  Consequently, the ration of mainlobe amplitude to sidelobe amplitude as well as the pulse compression ratio, increases with the number of segments into which the pulses are divided—i.e., the number of digits in the binary code.

Unfortunately, the longest Barker code contains only 13 digits.  Other binary codes can be made practically any length, but their sidelobe characteristics, though reasonably good, are not quite so desirable.

5.2.2.3
Limitations of Phase Coding

The principal limitation of phase coding is its sensitivity to Doppler frequencies.  If the energy contained in all segments of a phase-coded pulse is to add up completely when the pulse is centered in the delay line, while canceling when it is not, very little shift in phase over the length of the pulse can be tolerated, other than the 180( phase reversals due to the coding.

5.3
The Time-Bandwidth Product (TB)

One of the most important features of the time series analysis is that for a broadband signal, a higher time-domain resolution, 1/B, where B is the bandwidth of the signal, can be obtained through various forms of signal processing.  For a sufficiently broad bandwidth of the signal (or equivalently, a sufficient short pulse length), the different parts of an individual animal can be resolved acoustically.  Ideally, in a noise-free environment, i.e., the signal-to-noise ratio (SNR) approaches infinity, the acoustic impulse response of the target can be obtained via either direct deconvolution (in the time domain) or the Fourier transform/Inverse Fourier transform process (in the frequency domain).

A combination of electrical noise of the data acquisition system and ambient noise in the water detected by the receiver degrades the quality of the data.  Increasing the transmit power can help offset these effects but that improvement is restricted by the limitations of the power amplifier and transmit transducers.  For a constant transmit power, the wider the bandwidth of the transmitter, the weaker the transmitted power spectral density, and hence the lower the SNR in the spectral domain at the receiver.

5.3.1
Time-Bandwidth and Range Resolution

Range resolution, as defined by several texts, is a complex function of pulse envelope shapes, bandwidth and duration, and specific definitions of ambiguity and resolution.  In the classical sense, the minimum achievable range resolution is ½ of a wavelength.  Since transmission of ½- or 1-wavelength pulses is impractical, the more common definition centers around the transmitted pulse length, as:
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where:


τ = pulse length in meters


(r = Range resolution in meters, with subscripts NB for narrowband, and BB for broadband.

This definition makes idealistic assumptions regarding the pulse shape, bandwidth, sidelobe content, and time and spatial sampling.  This method is classically employed with narrowband systems where the pulse width (PW) and envelope energy detection determine the minimum range resolution.  The pulse length is determined by the product of the transmit time and the speed of sound in water (1500 m/sec).  For the HTI Model 241, the range resolution ((rNB) using this approach is:
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For broadband systems, or processing that acknowledges the bandwidth potential, the range resolution of such a system is enhanced by inverse proportionality to the Time-Bandwidth (TB) product, a dimensionless number, which accounts for some additional factors of pulse width and frequency content.  Extra processing is required to achieve this enhancement that recognizes the characteristics of the transmitted pulse.  Here, the minimum range resolution ((rBB) can now be expressed as:
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where we add:


T = Transmit Time, in seconds


B = Bandwidth, in Hz

Obviously, range resolution is enhanced (reduced) by a factor of the TB product if the signal processing is built to accommodate this factor.  This is often referred to as signal compression, or matched filtering.

5.3.2
Comparing Narrowband and Broadband Range Resolution

For the 150 kHz SciFish sonar, the transmit time (T) for the typical 2 meter pulse is 0.0013 seconds with 50% bandwidth (75 kHz) and a TB = 97.5, resulting in a range resolution of
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As a comparison, the HTI Model 241 sonar, if processed in this fashion, has a transmit time of 0.0002 for each pulse and has a 5% bandwidth (6 kHz), with a TB = 1.2, resulting in a range resolution of
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which shows an enhancement compared to the classical resolution (from above) of:
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From these numbers, there is a clear advantage (over 1 order of magnitude) in resolution in extending the bandwidth and/or pulse length.  The penalty required is in complexity of the processing, a factor that has been minimized in recent years by the prodigious advances in high speed processors readily available in off-the-shelf desktop and portable computers.  

5.4
Processing Gain (PG)

5.4.1
PG Equation

The processing gain (PG) achieved by exploiting the time – bandwidth product of a broadband sonar is expressed as
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where


T = Transmit Time, in seconds


B = Bandwidth, in Hz

5.4.2
Comparing Narrowband and Broadband PG

For the 150 kHz SciFish sonar, the transmit time (T) for the typical 2 meter pulse is 0.0013 seconds with 50% bandwidth (75 kHz), resulting in a processing gain of
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As a comparison, the HTI Model 241 sonar has a transmit time of 0.0002 for each pulse and has a 5% bandwidth (6 kHz), resulting in a processing gain of
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5.5
Reverberation Level (RL)

The backscattering of sound off the river bottom is known as bottom reverberation, and it is the primary source of signal interfering with fish echoes.  The level of bottom reverberation is determined by bottom composition and roughness, e.g. the combination of sand, gravel and rocks.  For some geometries there can also be reverberation coming from an imaging sonar, i.e. sound that has been forward-scattered from the water surface before reaching the river bottom and backscattering via the same path.  Added to this bottom reverberation, is a volume reverberation caused by the highly efficient scattering of entrained bubbles, which are themselves produced by episodic wind and rain events.  Perhaps contrary to some views, backscattering from the water surface itself contributes substantially less to the overall reverberation level in comparison to the above-mentioned sources.

5.5.1
RL Equation

For the purpose of this exposition, assume the sonar is equipped with a time-varied-gain (TVG) function that exactly matches spherical spreading loss, 40 log R, where R is range from sonar.  Then, the Reverberation Level, RL, is approximated by

RL = RLVolume + RLBottom
where
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and


c = Speed of Sound in Water


( = compressed time


( = beam width


( = grazing angle with bottom


R = range to target

Computing the RL for a narrowband and a broadband sonar will illustrate the affect of reverberation on each.  Let’s begin by assuming that the grazing angle is 0 degrees, resulting in
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5.5.2
Comparing Narrowband and Broadband RL

For the narrowband sonar, lets use the HTI 243 with a 4 degree beam at a range of 20 m and with a speed of sound of 1500 m/sec.  The HTI 243 has 5% bandwidth at 120 kHz, resulting in a pulse-compressed time of ( = 0.075/1500 seconds.  With these parameters,
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For a similar broadband sonar, lets use the assume a 4 degree beam at a range of 20 m and with a speed of sound of 1500 m/sec.  The SciFish 2000 has a 50% bandwidth at 150 kHz, resulting in a pulse-compressed time of ( = 0.02/1500 seconds.  With these parameters,
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5.6
Shadowing

One of the critical aspects of detecting individual fish is the shadowing of one fish by another.  If two fish are aligned along the radial acoustic path, it is possible to have one fish be completely shadowed by the other.  In this situation, all of the information regarding the second fish (i.e. Doppler, spectral signature, location in beam) is lost.  This loss of detection leads to undercounting of fish when it is persistent.

5.6.1
Estimating Shadow Distance

In Figure 8 below we have illustrate the shadowing using a set of two spheres separated by a distance d.  In the top portion of the figure, we illustrate the passing of a planar acoustic wave over the sphere, with the shadowing illustrated as a triangle.  In the bottom portion of the figure we then show that the second sphere radiates energy back, but that energy is also occluded by the first sphere.  There needs to be a sufficient distance between the two spheres for enough energy to be returned from the second sphere to allow it to be detected.
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Figure 8.  Characterization of Acoustic Shadowing

To develop an empirical relationship between target size and shadow distance, we conducted a set of pool tests that placed pairs of 1”, 2” and 4” styro balls placed along the MRA with one ball exactly in front of the other.  Pings were collected at 1 inch separation intervals, with at least 25 pings per interval, until clear separation between the targets could be seen in the matched filter display.

Table 4a.  1" Styro Balls, 0.3 correlation threshold, 4m pulse

	Separation
	Total Pings
	Ball 1 Echoes
	Ball 2 Echoes
	% Detected
	Sep Ratio

	1
	27
	27
	0
	0%
	1

	2
	43
	43
	0
	0%
	2

	3
	58
	58
	47
	81%
	3

	4
	59
	59
	48
	81%
	4

	6
	43
	43
	35
	81%
	6

	8
	43
	43
	35
	81%
	8

	10
	48
	48
	48
	100%
	10


Table 4b.  2" Styro Balls, 0.3 correlation threshold, 4m pulse

	Separation
	Total Pings
	Ball 1 Echoes
	Ball 2 Echoes
	% Detected
	Sep Ratio

	4
	32
	32
	0
	0%
	2

	6
	46
	46
	1
	2%
	3

	8
	42
	42
	21
	50%
	4

	10
	27
	27
	19
	70%
	5

	12
	28
	28
	26
	93%
	6

	16
	25
	25
	25
	100%
	8


Table 4c.  4" Styro Balls, 0.3 correlation threshold, 4m pulse

	Separation
	Total Pings
	Ball 1 Echoes
	Ball 2 Echoes
	% Detected
	Sep Ratio

	8
	28
	28
	0
	0%
	2

	12
	27
	27
	0
	0%
	3

	16
	29
	29
	16
	55%
	4

	20
	37
	37
	20
	54%
	5

	28
	43
	43
	35
	81%
	7

	32
	59
	59
	55
	93%
	8

	36
	29
	29
	29
	100%
	9


Tables 4a-4c list the results of these experiments.  The separation is in inches from center to center.  Ball 1 Echoes and Ball 2 Echoes are the number of echoes detected over the correlation threshold of 0.3.  The % detected is the ratio of Ball 2 Echoes to Ball 1 Echoes.  The Sep Ratio is the ratio of the separation to the diameter of the Ball.

Figure 9 is a graph that summarizes the results of the tables above.  We observe that once we have a separation ratio of at least 4, then we are getting at least 50% detection from Ball 2.  Once we achieve a separation ratio of 10, the second ball has 100% detection.
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Figure 9.  Probability of Detection Vs. Separation Ratio

The implications of this shadowing experiment for riverine sonar lies with the fish density.  From the earlier requirements, we noted that salmon have roughly a 6:1 length to width ratio and there is at least ½ of a fish length around each fish.  In this densely packed environment, one fish could shadow another and it would have a separation ratio of 3.5, which would completely shadow the second fish with the first.  With a fish density that is less than the worst case, however, it does appear that the second fish would be detectable behind the first.

Although, it is important to take into account the affect of shadowing, there are two important points to be made.  First, the shadowing of a third fish that is aligned with the first two would most likely extend the separation by a factor of two because the energy would need to pass over two objects and then reflect enough energy to return back over the same two objects.  This would mean that a separation ratio of 8 between the second and third target is likely.  This should be tested to confirm this likelihood.

The second point to be made is the impact of shadowing on tracking.  For fish tracking to work correctly, you must be capable of resolving individual targets.  If the fish are packed together with only ½ fish length separation, it is not probable that individual targets will be distinguishable and the tracker will break down.

5.6.2
Shadowing From An Echo Integration Perspective

MacLennan & Simmonds (1992), in their discussion of echo integration, describe some of the non-linear effects on echo integration that occur with very high fish densities.  In experiments with caged fish, Rottingen (1976) found that the echo integral is proportional to the fish density up to a certain limit, after which the relationship becomes nonlinear.  As the fish density increased the total integral of the echo energy over a given volume continues to rise but at a slower rate.

Foote (1978) suggests that changes in fish behavior with packing density might alter the scattering properties of the aggregation, causing some nonlinearity.  However, MacLennan & Simmonds (1992) believe the main cause of nonlinearity is the shadow effect.  The fish nearest the transducer attenuate the acoustic energy so that the fish at greater range contribute less to the received signal.  The amount of the signal reduction is determined by the area-density of the intervening fish and their backscatter, the extinction cross-section, which is a measure of the energy removed from the beam by each fish.  Lytle and Maxwell (1983) have considered the estimation of fish density in the presence of significant shadowing.  They present a number of approximate solutions based on different theoretical models.  The best solution depends upon the ‘optical thickness,’ which is the distance over which the transmitted intensity is reduced by the factor e = 2.718 due to shadowing over and above the losses arising from spreading and water absorption.

5.7
Clutter

During data collection on the Kenai River July 5-6, 2000 (Simpson, Jacobs, & Dowding, 2000), there was a significant increase in the amount of backscatter seen from Day 1 to Day 2.  The source of the clutter was theorized to be either the side lobes of the beam interacting with the bottom or from electrical noise.  Figure 10 below shows two “typical” beam patterns at the frequency extremes for the sonar used in the Kenai River.
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Figure 10.  Scans of Typical Beam Patterns

In addition to testing for clutter, we have also spent a great deal of time working with the detection parameters.  Figure 11 is a screencap showing the settings used for the experiments that follow.  The affect of each of these parameters on detection is described below.
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Figure 11.  Sonar Configuration for Clutter Experiments

There are four primary parameters that affect echo detection:

· Peak Threshold.  The correlation value that must be exceeded before a detection is declared. 

· Peak Window Size.  The size of the window, in meters, that is searched for a single peak detection value.

· Peak Separation.  The minimal separation, in meters, between successively detected echoes.

· Target Strength Threshold.  The minimum target strength that must be exceeded before a detection is declared.

5.7.1
Pool Experiments

To determine how affected the main lobe response is to side lobe clutter interference, we placed the same sonar in a swimming pool with simulated clutter at the bottom and then positioned the sonar at different grazing angles relative to the bottom to measure the level of interference relative to the target (Figure 12).

In these tests, we placed a single target (3”, 8.1 cm, hollow plastic apple) along MRA in the far field at 23 ft. (7.4 m) to verify that the target is being detected.  Then, with successively greater amounts of clutter, we stepped the transducer through a set of grazing angles off of the bottom and surface and collected data at each transducer angle.  First we swept from –24( to +24( with only the target along MRA at 23 ft.  Then we added rocks at 4 ft intervals from 4 ft to 44 ft and swept again.  The we added rocks at 2 ft intervals from 4 ft (1.3 m) to 46 ft (14.9 m) and swept a third time.  Each time, the sweep was from the bottom of the pool to the surface.  The rocks that were used varied in size from 2 lbs (1 kg) to 10 lbs (5 kg) and were primarily round semi-smooth stones collected from the yard and cleaned prior to being placed in the pool.  For these experiments, there was a hydrophone with its cable hanging from it placed in the water at approximate 48 ft from the sonar.  This hydrophone was used during set up to determine background noise levels and assure the sonar was functioning correctly.
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Figure 12.  Clutter Experiment Configuration

5.7.1.1
No Clutter

Figure 13 the echogram from the first sweep up with nothing but the target and the hydrophone in the beam.  When the transducer is pointing down at a 24 degree angle (-24() toward the bottom at the sweep start, we see strong reflections at 7 ft (2.3m), and later at 9.5 ft (3.1m) and then some at 15.5 (5.0m) and 16.5 ft (5.3m).  It is not clear what the source of these reflections is, but it is the approximate range for a bounce off the bottom, to the surface, and back to the bottom again.  Note that we don’t see any returns in the first six ft because that encompasses the blanking range, so it is not possible to see if we are also getting a return at 1 ft directly off the bottom.  These returns need to be explored in more detail to fully characterize their source.

Between 24.5 ft (7.9m) and 23 ft. we see the target as the beam is swept past.  Note that we have a bit of blanking between -20( and -14(, and again between 2( and 8(.  These are consistent with the nulls that are seen between the main lobe and the first side lobe of the beam.
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Figure 13.  Echogram with No Clutter

5.7.1.2
Clutter at 4 ft Intervals

The first set of clutter introduced into the pool were rocks placed at 4 ft intervals from 4 ft to 44 ft range from the transducer.  Figure 14 shows the echogram showing that the first rock is detected at 20 ft (r20), the target is detected at 23 ft, and then as the beam sweeps across the bottom and is raised toward the surface, the rocks at 28 ft (r28, 9.0m), 32 ft (r32, 10.3), 36 ft (r36, 11.6m), and 40 ft (r40, 12.9m), are detected.  The rocks found at 4 ft, 8 ft, 12 ft, and 16 ft are never seen.  Finally, the hydrophone and cable are seen at 48 ft.  Like the no clutter sweep above, there is bottom interaction clutter found at the beginning of the sweep.  There is not clutter found beyond this that is not correlated with a rock.
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Figure 14.  Echogram with Clutter Every 4 ft

5.7.1.3
Clutter at 2 ft Intervals

The last set of clutter introduced into the pool were rocks placed at 2 ft intervals from 2 ft to 46 ft range from the transducer.  Figure 15 shows the echogram showing that the first rock is detected at 18 ft (r18) immediately followed by another at 20 ft (r20) with a short detection (not marked) at 22 ft.  Next we see the target is detected at 23 ft, and then as the beam sweeps across the bottom and is raised toward the surface, the rocks are detected from 28 ft (r28) to 46 ft (r46).  Finally, the hydrophone and cable are seen at 48 ft.  Like the no clutter sweep above, there is bottom interaction clutter found at the beginning of the sweep.  There is not clutter found beyond this that is not correlated with a rock.
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Figure 15.  Echogram with Clutter Every 2 ft

5.7.1.4
Summary

With the exception of the interaction with the bottom and surface when the transducer beam is pointing down, there does not appear to be any spurious clutter found in the beam that is not associated with a rock.  It would appear that the source of the clutter is of an electrical nature and not likely to be related to bottom clutter.  Further, it appears that the settings used when analyzing the Kenai River data could have been selected in a more efficient manner.  It would be appropriate to reprocess the Kenai River data with the parameter settings used here to determine if the clutter is still visible.

An additional issue was highlighted with these experiments—the need for very low side-lobes on the transducer.  RD Instruments, SciFish’s strategic partner for the commercial development of these sonar, are currently developing a horizontal current profiler for use in rivers.  This development includes the use of low side-lobe transducers.  In the design specification for this next unit, it will be necessary to take advantage of these recent developments.

5.8
Aspect-Angle

Another critical aspect of detecting fish is the aspect angle dependence of the detectability of the fish as it moves from side aspect to tail or head aspect in the beam.  This is especially important to riverine processing as we look at the possibility of aiming the sonar downriver to capture Doppler information from the targets and to widen the effective sample volume.

5.8.1
Narrowband Side Aspect Target Strength

In the work by Love (1969) and later by Dahl and Mathisen (1983), it was shown that there was a 10 dB drop in target strength when the fish was rotated 45 degrees from side aspect.  Figure 16, from Dahl and Mathisen (1983), illustrates the drop in TS as a fish insonified with 120 kHz Narrowband sonar is rotated from side aspect to head-tail aspect.
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Figure 16.  TS versus Aspect Angle.  From Dahl & Mathison (1983).

5.8.2
Broadband Side Aspect Target Strength and Correlation

It is anticipated that the correlation values of the matched filter detection will follow the same trend for the same aspect angle experiment.  To confirm our hypothesis, as well as to better understand the affect of the aspect angle on detectability in a broadband sonar system, we have conducted a set of pool experiments that rotate a cylindrical target along the MRA and measured the correlation values with respect at 10( increments from 90( (length of cylinder perpendicular to beam) to 0( (length of cylinder parallel to beam) as shown in Figure 17.
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Figure 17.  Aspect Angle Testing Configuration

A 6-inch Styrofoam cylinder with rounded ends and a 1-inch diameter was used to simulate a large fish bladder.  The target was pinged upon repeatedly at 10 degree increments from 0 degrees (broadside to the beam) to 90 degrees (parallel to beam).  The uncalibrated target strength and the correlation values for each aspect angle are found in Table 5.

Table 5.  TS and Correlation Versus Aspect Angle

	Degrees
	TargetStrength
	Correlation

	0
	-47.4658
	0.785945

	10
	-50.8848
	0.673519

	20
	-50.3408
	0.756576

	30
	-51.4555
	0.757517

	40
	-51.4555
	0.757517

	50
	-52.918
	0.673004

	60
	-52.2637
	0.643487

	70
	-49.8624
	0.661936

	80
	-50.4139
	0.766758

	90
	-50.4961
	0.778088

	1 inch ball
	-50.3457
	0.64904




Figure 18 is a plot of the mean and standard deviation of the target strength for each aspect angle.  This plot below does not conform to the earlier experiments by Dahl and Mathison.  The mean and standard deviation of the correlation (Figure 19) shows the same type of behavior.  The correlation value initially drops, then it increases and stays relatively flat through 40 degrees, then drops to 60 degrees before finally rising again to the same value that it had in the broadside aspect.
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Figure 18.  TS Mean and StdDev Versus Aspect Angle

In theory, when the Styrofoam cylinder is parallel to the beam, it should appear acoustically very similar to the 1 inch styroball.  To test this, we extracted the mean value of the 1-inch styroball at the same range (table above) and found that it did have a similar target strength, but a much lower correlation value.
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Figure 19.  Correlation Mean and StdDev Versus Aspect Angle

Following these experiments, we learned that the bladder of the salmon looks much like a pencil, it is about ¼ inch in diameter and about 6 to 8 in length.  It will be necessary to repeat these experiments with a target with similar dimensions.  In addition, the response of real fish should include the influence of the body as well as the bladder, which yields a frequency dependent response (Jech, 1999, 2000).

5.8.3
Broadband Range Stability

One of the side effects of this study was the measure of the stability of the range measurement.  Using the same data processed above for each angle of detection, we also computed the mean and standard deviation for the range.  Table 6 summarizes these results and these values are plotted in the plot that follows (Figure 20).

Table 6.  Range Mean and StdDev Versus Aspect Angle

	Degrees
	Range (m) Mean
	Range (m) StdDev

	0
	4.450422
	0.002981

	10
	4.440638
	0.002863

	20
	4.42845
	0.002873

	30
	4.403822
	0.002792

	40
	4.403822
	0.002792

	50
	4.392201
	0.003061

	60
	4.378953
	0.002518

	70
	4.37973
	0.00224

	80
	4.377481
	0.001913

	90
	4.375988
	0.002071

	Min
	4.375988
	

	Max
	4.450422
	

	Difference
	0.074434
	(~2 inches)
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Figure 20.  Range Mean and StdDev Versus Aspect Angle

Immediately we notice that the range decreases as the cylinder is slowly rotated into the angle parallel to MRA.  Next we see that the standard deviation of the range is extremely low, on the order of 0.04% to 0.07% of the target’s range.

As a comparison, the Demer, Soule & Hewitt (1999) conducted a set of controlled tank experiments that combined the split-beam measurements from both a 38 kHz and 120 kHz Simrad Split-Beam Echo Sounder with calibrated targets at a range of 10 m.  Below is paraphrased from their paper (pg. 2369):

Due to the differing bandwidths and sampling rates of the two systems and a small offset of the two transducer faces, target ranges at 38 kHz were consistently about one sample range >0.1 m greater than the more accurate range estimates of the 120-kHz system sample range >0.03 m and both ranges were slightly greater than the actual ranges. In order to compensate for the receiver delay, measurements of target ranges were reduced by three sample ranges or by 0.3 m at 38 kHz and 0.09 m at 120 kHz and then a residual mean offset of 0.07 m was subtracted from the 38-kHz ranges.

The better range accuracy of 0.03 m from the 120 kHz unit represents a range error of 0.30%.  Although neither the Demer, Soule & Hewitt (1999) experiment or the side aspect experiment conducted here was specifically focused toward measuring range precision, the results do indicate that the broadband sonar is several times more accurate.

5.9
Probability of Detection As Duration-In-Beam

The detection probability of a target DP is defined as a ratio of the number of return echoes ne divided by the number of transmitted echoes np insonifying the target during its duration in the beam at a given range (Xie, Cronkite & Mulligan, 1997)
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If, for every transmitted pulse, there is an echo, then DP = 1.  As a measure of the percentage of missing echoes from an insonified target, the detection probability is dependent upon the transducer’s beam pattern, the riverine acoustic condition, and the acoustic backscattering characteristics of the target.

5.9.1
Beam Geometry and Fish Path Length

The path a fish takes through the beam is a key parameter when determining the probability of detection of the fish within the beam.  The mean duration-in-beam T of the target is determined by the mean path length L across the beam at range r, which has been derived by Xie (2000) as:
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where ( and ( are the beam angles of the elliptical beam along the major and minor axes of the cross section, respectively, and ( is the swimming angle of the target relative to the major axis.  From this equation, the duration-in-beam can be estimated as
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Given this, the averaged insonified time for such a moving target is proportional to its range from the transducer.  For a fixed PRF, it follows that the number of echoes increases with range, meaning that the target returns n0 echoes at range r0, then the number of echoes n from a similar target at range r will be
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5.9.2
Beam-River Geometry

If the sonar is aimed downstream, what is the affect on the total distance that a fish will travel through the beam if it is swimming parallel to the shore.  Using Figure 21 to illustrate this beam-river geometry, lets assume we have a beam width of ( degrees that is rotated ( degrees downstream.  For a fixed range d from the shore, we can compute the difference between sides of the two beams from perpendicular using the relationships 
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The difference between the two (w2 –w1) gives us the approximate path of a fish swimming parallel to the shore.  Note that when ( = 0, we have the beam perpendicular to shore, which is the typical deployment position for the beam.
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Figure 21.  Characterization of the Modified Beam-Shore Geometry

If we look at the ratio of the downstream path at a downstream angle to the path the fish would take perpendicular to the beam
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which we see is independent of d.  Figure 22 is graph of ( as we range from 0 to 45 degrees downstream.  Note that at a downstream angle of 45 degrees from perpendicular, we have more than doubled the amount of time the fish will be in the beam, which, in turn, doubles the probability of detection for the fish assuming that we can detect the fish when it is not within a few degrees of side aspect.
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Figure 22.  Path Length as a Multiple of Perpendicular Beam

5.10
Echo Counting

Using the traditional energy detection approach to echo detection and echo counting as prescribed first by Trout, et al. (1952), and later refined by Craig & Forbes (1969), Ehrenberg (1979), and Foote (1993).  The mean number N per ping divided by the acoustic sampling volume Vs is the number density with respect to volume,
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In general, Vs depends on the single-fish echo energy ( relative to the threshold (.  The echo energy from a single fish will be expressed by the product of three quantities: geometric or gain factor (, depending on the operations performed by the receiver; product of transmit and receive beam patterns (2; and backscattering cross section (, which can be stated mathematically as
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The cross section, (, depends on fish orientation.  Target strength (TS) is the decibel equivalent of a target’s backscattering cross section (, where

TS = 10 log ( .

5.11
Summary of Narrowband/Broadband Sonar Equation Comparison

Table 7 summarizes of the differences between the Narrowband and Broadband sonar found throughout this section.  In addition, this table takes into account the difference in SL between the two sonar systems.

Table 7.  Summary of Narrowband and Broadband Sonar Performance

	HTI 241 (NB)
	
	SciFish 2000 (BB)

	+4.0 dB (2000 W)
	SL Difference
	0.0 dB (800 W)

	+0.8 dB
	Processing Gain (Time-Bandwidth)
	+20.0 dB

	-0.2 dB
	Volume Reverberation
	+5.5 dB

	+4.6 dB
	TOTAL
	+25.5 dB


6
Doppler Processing

6.1
Narrowband (Incoherent) and Broadband (Coherent) Doppler Measurements

Under ideal conditions, Doppler current profilers receive acoustic backscatter from a near continuous distribution of acoustic scatterers.  The backscattered signal represents a convolution between the transmitted pulse and some scattering function.  In the simplest Doppler sonar system (the incoherent or narrowband system), the target speed is estimated from the frequency shift observed in backscatter from a single acoustic pulse.  The phase and amplitude of the speed estimate is related to the bandwidth of the backscattered sound.  Speed uncertainty for a narrowband system is given by (Theriault, 1986)
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where


c = speed of sound in water


( = pulse length in seconds


f = acoustic frequency

The bandwidth of the backscattered signal is given by 1/(.  To increase speed accuracy, it is necessary to increase ( or f, but this cannot be done arbitrarily: acoustic attenuation increases rapidly with increasing frequency thus limiting the maximum range, and range resolution is determined by c(/2 so that increasing ( increases the minimum length scale that can be resolved.

Improved estimates in both speed and range resolution can be achieved with fully coherent Doppler systems such as described by Lhermitte & Serafin (1984).  Such systems analyze the phase change between successive transmissions rather than the phase evolution (or frequency shift) on a single transmission.  If the spatial distribution of scatterers has not changed significantly in the time between transmissions, then the change in phase is due only to the ‘coherent’ motion of the scatterers (Zedel et al, 1996).  In effect, the change in range to acoustic scatterers is determined by the change in phase between successive transmissions and this allows an estimate of the speed of those scatterers
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where


c = speed of sound in water


((= change in phase


t = time between pulses


f = acoustic frequency


n = 0, 1, 2, …

The movement of scatterers over a distance greater than a quarter wavelength cannot be unambiguously resolved with coherent systems:  this characteristic is represented by the (n(/4 term above.  The ambiguity velocity
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is the maximum speed that can be measured unambiguously and it usually constrains the choice of t to meet the speed measurement requirements of any application.  Range determination also becomes ambiguous when backscatter from more than one acoustic pulse is received at any time.  To eliminate the range ambiguity problem, coherent Dopplers are normally operated in a manner such that the first pulse transmitted has reached the systems maximum range before the next pulse is transmitted.  This restricts the operating range of these systems to ct/2:  that range to which a pulse travels before the next pulse is transmitted.

For systems operating in a fully coherent mode, the system accuracy is bounded by (Zrnic, 1977)
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where


c = speed of sound in water


w= bandwidth of the coherent acoustic scatterer (the exponential term represents


the signal decorrelation and is normally close to unity)


t = time between pulses

Comparing this equation with the earlier narrowband (incoherent) system accuracy it can be seen that for the coherent system, the code lag t provide an independent parameter that can be used to control accuracy and the pulse transmission length ( no longer affects accuracy.  The sample bandwith w ( 1/(, w is determined by the time over which backscatter from a given location will remain coherent; the decorrelation time is 1/w.  For these systems, the sample bandwidth contributes to the error in two ways: (1) the bandwidth of sampled speeds appears as a random component in speed estimates, and (2) the phase becomes less accuately defined so that eventually, meaningful phase change estimates are no longer possible.  The decorrelation time defines an upper limit on the time lag between acoustic pulses and depends on the operating frequency and the environment.  This is an important constraint because with coherent Dopplers, accuracy can be improved by increasing the time lag between pulses, but only up to the limit imposed by the decorrrelation time.  For most oceanographic applications, the coherent sampling scheme is not practical; as noted by Brumley et al. (1991), the decorrelation time for a 307 kHz system is about 20 msec which would only allow a maximum unambiguous range o 15 m.

Broadband Doppler systems represent a compromise between the coherent and incoherent processing techniques.  These systems transmit a single pair of acoustic pulses in time as dictated by the speed ambiguity and decorrelation time.  Acoustic backcscatter is then recorded for this pulse pair to the range limit of the sonar before another pulse pair is transmitted.  The received data is correlated with itself at a lag corresponding to the time between transmitted pulses; the phase of the correlation allows an estimate of the scatterer speed just as for the coherent system.  There is one significant complication in this scheme and that is that the backscatter is received from more than one range at a time causing self interference which substantially degrades the signal to noise ratio.  This interference is quantified by the correlation coefficient of the received signal: in fully coherent systems, the correlation coefficient is often close to 1 while in the braodband system the correlation coefficient is typically 0.5.  High correlations can be seen in broadband systems when a single dominant scatterer is encountered and there is consequently no interference due to backscatter at other ranges.  Despite this signal degradation, the speed accuracy of a broadband system is superior to that of a narrowband system (Pinkel et al, 1992).  Coded pulses are used to retain range resolution while transmitting sufficient energy to allow the necessary correlation computations.  Accuracy is recovered because with a large bandwidth receiver, it is possible to realize many independent samples of the signal phase shift.

For the broadband systems, speed accuracy is given by
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where


c = speed of sound in water


( ( 1.5 = scaling component to accommodate system limitations


( = correlation coefficient, typically about 0.5


t = time between pulses


f = acoustic frequency


Ma = the number of samples realized per averaging interval

No matter what data processing mode is used, Doppler profiling systems can only measure speeds radial to the acoustic transducer.  In a practical sense, what this means is that a particular transducer will measure the component of velocity resolved along the beam: well defined beams are needed to get well defined velocity components.  However, if three dimensional velocity is of interest, it is necessary to use multiple beams with different orientations to measure multiple components of velocity.  Sonar systems employing multiple intersecting beams can achieve three dimensional velocity measurements at a point (Lhermittee & Lemmin, 1990).

6.2
Doppler-Based Riverine Sonar

Dahl and Mathison (1984) described the use of Doppler information as a target classification method that could be used in rivers of the Pacific Northwest.  The relative motion between fish and sound source can be realized as a shift in frequency.  The Doppler shift in the echo from a fish swimming at velocity Vf is approximated by
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where


c = speed of sound in water, 


(f = magnitude of frequency shift in Hz


Vf = fish swimming velocity in m/sec


f0 = carrier frequency in Hz


( = angle formed by fish trajectory and transducer’s MRA

The Doppler shift magnitude, either up or down from the carrier frequency, therefore depend on the component of the fish velocity along the MRA and provides some valuable information for classifying the fish relative to debris and other acoustic targets such as entrained bubbles.

A crude estimate of the Doppler resolution, (s, is (Altes, 1981)
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where


(f= magnitude of frequency shift in Hz


B = Bandwidth of sonar system in Hz


T = transmission time or pulse duration in seconds

6.3
Comparing Narrowband and Broadband Doppler Resolution

For the 150 kHz SciFish sonar, the transmit time (T) for the typical 2 meter pulse is 0.0013 seconds with 50% bandwidth (75 kHz), resulting in a Doppler resolution of


[image: image67.wmf]Hz

f

BB

0103

.

0

75000

0013

.

0

1

=

´

=

D


As a comparison, the HTI Model 241 sonar has a transmit time of 0.0002 for each pulse and has a 5% bandwidth (6 kHz), resulting in a Doppler resolution of
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7
Split-Beam Localization

Split beam localization utilizes the phase difference between two beams to localize a target in the far field.  The equation used for measuring the angle off MRA is:
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where

( = phase difference between the two beams, in radians

D = distance between the two receiving elements, in meters

( = wavelength of the carrier signal being transmitted, in meters

( = Angle off MRA to the target, in radians

7.1
Split-Beam Angular Resolution

To determine the angular resolution of the 150 kHz broadband SciFish sonar, we need to express the split-beam equation shown above in terms of (min, D, and (.  To do this, we first solve for (, which results in the equation
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For a split-beam broadband transducer with a 6” ceramic that is quartered for each of the four beams, we have a distance between receiving elements (D) of 3” = 0.075 meters.

The wavelength (() for the 150 kHz SciFish sonar is c/(, where c = speed of sound in water (1500 m/sec) and ( is the carrier frequency (150,000 Hz), resulting
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To determine the minimum split-beam angular resolution, we need to determine the minimum measurable phase ((min) between the two received signals.  The discussion of this is found in the next section.  The resulting equation is:
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where

N = number of samples used to compute phase difference

T = time between samples

For the 150 kHz SciFish sonar, we typically use a 1024 point sample interval and we sample at 500,000 samples / second, resulting in a minimum measurable phase difference of 0.152 radians.

Using these values, we can now solve for the angular resolution of the 150 kHz SciFish sonar.
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or 0.185 degrees of angular resolution.  If we have a transducer that produces a beam that is 8 degrees wide by 4 degrees high, then we have an effective tracking grid of approximately 40 by 20.

7.2
Phase Angle Resolution

In Burdic (1991), it is discussed "intuitively" that the accuracy of determination of (t1 - t2) is inversely related to the width of the autocorrelation function and the resolution of two signals is enhanced if the width of the correlation function is small compared with the separation in time between targets - trivial case.  In another thought process: if

N = number of samples in our sample interval

T = time between samples

t = sample interval = NT

then, f0 = 1/t is the lowest frequency (1st bin) and ( = 2 f0/n should be the minimum time difference, with the equivalent phase angle being ( /2( radians ( the 2 comes from putting 1/2 the samples in sine, 1/2 in cosine for the FFT).

Given,


[image: image74.wmf]NT

t

f

1

1

0

=

=

 = lowest frequency


[image: image75.wmf]T

N

N

f

2

0

2

2

=

=

t


we can express (min as
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which emphasizes the advantage of using a larger number of samples N to improve our phase measurement.

8
Tracking

8.1
Split-Beam Tracking

There are several split-beam fish trackers that have been developed.  We review three below.  The first is a basic tracker as described by Sam Johnston at the 1999 ADF&G Riverine Sonar Workshop.  The second is the Pacific Salmon Commission’s range dependent tracker.  The third is the SciFish tracker—a modified ultrasound tracking system that was developed for tracking fat in veins and arteries during surgery.  

8.1.1
Traditional Fish Tracking Algorithm

The traditional fish track algorithm works through a simple system of predictive gating.  The following algorithm was extracted from the description provided by Johnston at the 1999 ADF&G Riverine Sonar Workshop (APL, 1999).

An initial target is detected that is not in the proximity of any other detections.  This target is then predicted to move from its initial location at time t0 to a new location at time t1, based upon the ping rate and the fishes' swimming speed and direction (Figure 23).  The width of the acceptance gate, w1, defines the acceptable region for an echo.  At t1 there are two possible cases.  Case 1 is that we locate the target in the window, we adjust for its actual position, then predict ahead to time t2 with the same size window.  Case 2 is the instance where an echo is not detected within the window.  At this point, the window is expanded, and the location of the next ping is again predicted ahead.  This process is repeated until there are three successive missing echoes (Case 2).  At this point the track is declared to have ended.
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Figure 23.  Illustration of the first two steps of the fish tracking algorithm



Extending this algorithm from two dimensions two three is simply an extension of the geometry from lines to spheres.  Additional logic can then be placed into the tracker to handle situations where a single target splits into two and when two targets cross tracks.

8.1.2
SciFish FishTracker

8.1.2.1
FishTracker Algorithm

The following is the description of the Tracker that SciFish has developed during Phase I for a split-beam riverine sonar.  For each echo detection, the SciFish Line Tracker is called with a triplet (r, (, (), where r is the range to the detected echo, ( is the x-y angle from MRA to the detected echo, and ( is the y-z angle from MRA to the detected echo.  

First, we determine if this new detection can be associated with an existing track.  If an association to an existing track is found, the existing track is extended (grown) with this detection.  If an association is not found, this detection is added as the first detection in a new track.  Immediately after track association, we then attempt to purge/remove tracks that have not been updated in a user-specified number of pings and if certain criteria are met.  Finally, the track is considered valid and written to the database. 

Track Association scans over the set of current tracks to find the best existing track, if any, to associate with this new detection at coordinates (r, (, ().  If an association is found, the Track Association routine returns true and the index of the existing track.  If an association is not found, then false is returned.  The following tests are performed to find an association.

For each existing track, Ti, and a new detection: 

1. Time Gate—If Ti's last ping is not within MAX_PING_SKIP of the new detection's ping number, it can not be associated and the next track, Ti+1, is evaluated.  This is to allow dropouts.  For instance, if MAX_PING_SKIP = 3, a detection at Ping 4 can be associated with (added to) a track ending at ping 1.  But a detection at Ping 5 can not be associated with a track ending at ping 1. 

2. Range Gate—If Ti's range is not within RANGE_GATE meters of the new detection's range,  it can not be associated and the next track, Ti+1, is evaluated.  Note that RANGE_GATE is in meters PER PING.  If a detection is being compared to an existing track which ended 3 pings ago (i.e MAX_PING_SKIP >= 3) the effective range gate is triple the RANGE_GATE. 

3. Theta ( Gate—Identical to Range gate.

4. Phi ( Gate—Identical to Range gate.

If the above four tests are passed, Ti is further evaluated. 

· If this is the first existing track to be allowed association, it's index is saved as j, the best index found so far, along with the corresponding (r, (, ().

· Else Ti is compared to Tj.  This uses a simple "best of three" algorithm.  The distance in (r, (, () of Ti and Tj from the new detection is compared.  Whichever track is closest in 2 of the 3 dimensions, is considered the best track to associated with the new detection.

· The best index, j, is then returned.

To purge a track, we scan over the existing set if tracks and remove 'dead' (no longer updating) tracks as long as they pass certain additional criteria.  If a track is not purged, i.e. it is deemed a valid track, then we write out the track data to the database.  The algorithm is as follows:

For each existing track, Ti
· If Ti 's last ping is greater than PURGE_TIME pings from the current ping number (or the track has grown too long), then this track is purged. 

· If the track’s duration (number of pings long) is greater than MIN_DURATION and the number of detections constituting this track (which can be <= MIN_DURATION due to dropouts allowed by MAX_PING_SKIP) are greater than MIN_PINGS, then this track is considered valid.

· Valid tracks are marked on the display and the remaining tracks are discarded as invalid.

8.1.2.2
FishTracker Interface

Figure 24 shows an example of the line tracker working with split-beam sonar data.  The existing SciFish 2000 software has been expanded to include the (r, (, () triplet as a part of its data storage.  The FishTracker interface works directly from the Access database that stores the data.  Using the algorithm, the tracker creates and displays tracks on a range (x-axis) by time (y-axis) strip plot as shown in the upper portion of the screen.  The lower portion of the screen is organized into three windows.  The lower-left window shows the position in range-theta plane for the current echo.  The lower-middle window shows the current tracker settings.  The lower-right window shows the current track statistics.  The next step in the evolution of this tracker is to extend the tracking process to an alpha-beta tracker like that described in the next section.
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Figure 24.  Example of SciFish Split-Beam Fish Tracker Interface

8.2
(-( Tracking

The dense fish environment that was cited earlier as a key issue in riverine sonar can be addressed with a more complex tracking algorithm and data association algorithms.  Fortunately, there is a tremendous body of literature and expertise in this area as it mimics the multi-target data association and tracking problem common to radar air defense missions (Brookner, 1998; Blackman, 1986; Blackman & Popoli, 1999; Bar-Shalom, 1993; Stimson, 1983).  In sequential complexity, the next step up from the tracker we have implemented above is the alpha-beta tracker, then the Kalman filter, then the Extended Kalman filter, and then variants of these systems that include data association elements that coordinate with the state estimates.

During Phase I we have investigated these different forms of tracking and will implement these during Phase II.  Below is a summary description of the alpha-beta tracker, including a brief preamble on why tracking and prediction are needed.

8.2.1
Why Tracking and Prediction Are Needed

Assume there are two fish in the sonar’s beam during time t and the same two fish are again in the beam during time t+1 (Figure 25).  The fish have moved from t to t+1, but how do we properly associate the echoes at t+1 with the appropriate fish (targets) at time t?  This problem is commonly referred to as data association.  If an incorrect association is made, it could result in miscounting the fish.
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Figure 25.  Illustration of the Tracking Problem

The chances of an incorrect association could be greatly reduced if we could accurately predict ahead of time where the echoes of the two fish are to be expected from ping to ping.  Such a prediction is possible if we had an estimate of the velocity and position of the two fish during each ping.  With this information, we could predict the distance each fish move move from ping to ping and as a result have an estimate of each fish’s future position.  Because the exact velocity and position of the fish are not known at the time of the first ping, this prediction is not exact.  If the inaccuracy of this prediction is known, we can set up a 3( (or 2() window around the expected value, where ( is the root-mean-square (rms) or standard deviation of the sum of the prediction plus the rms of the range measurement.  If the fish is detected in this window on the next ping, then with high probability it will be from the fish from the previous time increment.  If we assume a constant velocity, then the equations of motion for the k’th target are
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where


T = time between pings (ping to ping duration)
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These equations of motion are commonly referred to as the system dynamic model.  The (-( and Kalman filters are methods of estimating the position and velocity so that the data association described above can be accomplished.

8.2.2 Derivation of (-( Tracking and Prediction Equations

The system dynamic model described above enable us to predict forward from time t to t+1.  We still need to show how to improve our estimate of the target position and velocity after an observation is made of the target position at some time t and at successive times.  Assume for the moment we have an estimate for the fish position and velocity at time t-1.

To extend the system dynamic model beyond the constant velocity, we begin by creating the more precise estimate of the velocity of the fish at time t, given as
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where

((t) = scaling parameter for the velocity update
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=filtered estimate of velocity of k’th fish at time t estimated from measure at time t-1
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= predicted estimate of the position of k’th fish at time t estimated from the measure at time t-1
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In a similar fashion, a more precise estimate of the position of the fish at time t is given as
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where ((t) = scaling parameter for the position update.  These two equations, when combined, provide use with the equations for update the k’th fish’s velocity and position at time t after the measurement of the k’th fish’s position yk(t) has been made.  These equations are commonly referred to as (-( track update (filtering) equations.

Using the overbar notation to distinguish the filtered estimates from the predicted values (which have a carat) these filtering equations can be rewritten as
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It is now possible to use the new notation to rewrite the earlier system dynamic model equations as
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These equations allow us to transition from the velocity and position at time t to the velocity and position at time t+1 and are therefore called the transition equations.

Finally, by substituting the (-( track update (filtering) equations into the transition equations, we get the following prediction update equations
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which represent the well-known (-( tracking filter equations.

9
Classification

Pattern recognition is one of the most common problems encountered in engineering and scientific disciplines, which involves developing prediction or classification models from historic data or training samples.  The term pattern recognition encompasses a wide range of information processing tasks of great practical significance.  The spectrum of such tasks spans from speech recognition to handwritten character classification and from medical diagnosis to fault detection in nuclear fuel rods.  The scientific discipline of building such machines for these tasks is the domain of pattern recognition.

The traditional formulation of pattern recognition tasks has been based on statistical methods.  On the other hand, artificial neural networks (NN’s) are now extensively used for these tasks because of their ability to handle large-scale practical problems.  In addition, neural networks the very attractive feature of having both non-linearity and linearity in the model that can be treated separately.  Further, NN models have been shown to possess very significant mathematical properties of universal and best approximation (Simpson, 1990).

The problem of developing a NN model is simply to determine the model parameters that will achieve the expected performance.  Therefore, the most significant issues in constructing the NN model are the criteria and algorithm for determining its parameters.  Two important criteria are those of parsimony and generalization ability of the model, i.e., the model should have as few parameters as possible and also provide good predictions for future inputs.

The task of pattern recognition is to construct a model that captures an unknown input-output mapping pattern on the basis of limited evidence about its nature.  The evidence available is a called the training sample.  The way to construct the “best” model is to get as close as possible to the true but unknown mapping function.  This process of model development is commonly termed training or modeling.

The process of training is to determine the parameters such that the fitted model provides good fit to training data as well as good predictions on future data.  Note that our objective is not to learn an exact representation of the data as well as good predictions.  The objective is not to learn an exact representation of the data because that would lead to over fitting.  For developing a good predictive model, it is essential to consider generalization capability of the fitted model for future, yet unseen, inputs for which output would not be known.

There are several properties that a pattern classifier should possess (Simpson, 1992a):

· On-Line Adaptation: A pattern classifier should be able to learn new classes and refine existing classes quickly and without destroying old class information.  This property is sometimes referred to as on-line adaptation or on-line learning.  Grossberg specifically identifies this property as a key problem associated with neural network design and refers to it as the stability-plasticity dilemma.  Simply stated, the dilemma concerns the design of neural networks that can remain plastic enough to learn yet still be able to stabilize and recall stored pattern information.  Many of the popular neural network and traditional pattern classification techniques utilize off-line adaptation.  Each time new information is added to the classification system it requires a complete retraining of the system with both the old and the new information.  As such, off-line adaptation can place huge demands on the memory requirements and it can lead to increasingly longer training times.

· Nonlinear Separability: A pattern classifier should be able to build decision regions that separate classes of any shape and size, a property that we will refer to as nonlinear Separability (of which linear Separability is a special case).  It is of historical value to note that the inability to perform nonlinear separation was considered to be a severe handicap of neural networks.  Fortunately, this handicap no longer exists.  The advent of neural networks such as the Boltzmann machine, multi-layer perceptron, the reduced coulomb energy network, and many others provide this capability.

· Overlapping Classes: In addition to pattern classes being nonlinearly separable, they also tend to overlap.  A pattern classifier should have the ability to form a decision boundary that minimizes the amount of misclassification for all of the overlapping classes.  The most prevalent method of minimizing misclassification is the construction of a Bayes classifier.  Unfortunately, to build a Bayes classifier requires knowledge of the underlying probability density function for each class.  This is information that is quite often unavailable.  This means that the probability density functions, of their equivalents, must be found on the fly and, in the on-line adaptation case, constantly tuned to represent the current state of the data being received.

· Training Time: One of the most crippling elements of nonlinear classification algorithms is the amount of time required to learn the decision boundaries of the classes.  Some of the most successful algorithms are based upon either the minimization of the maximization of an objective function which can take from hundreds to thousands to sometimes millions of passes through the data set.  Examples of such algorithms include back-propagation, cascade-correlation, and the Boltzmann machine.  A very desirable property of a pattern classification approach able to learn nonlinear decision boundaries is a short training time.  This property, when combined with the aforementioned on-line adaptation property, poses a formidable problem.  Recently there have been a few neural networks that have had varying levels of success when addressing this problem, including the probabilistic neural network and its recent extensions, and the reduced coulomb energy network.

· Soft and Hard Decisions: A pattern classifier should be able to provide both soft and hard classification decisions.  A hard, or crisp, decision is either 0 or 1.  A pattern is either in a class or it is not.  A soft decision provides a value that describes the degree to which a pattern fits within a class.  There are many real-world problems that require soft decisions.  As an example, a pattern classifier for object recognition might not be trained to recognize colors.  It is simply not possible to train a classification system with every possible combination fot eh three primary colors, but it is possible to train a system to recognize the classes of the primary colors and then use a soft decision process to determine the degree to which each of the three colors is present.

· Verification and Validation: It is important that a classifier, neural or traditional, have a mechanism for verifying and validating its performance in some way.  Contour plots, scatter plots, and closed-form solutions have all been used to perform this function.

· Tuning Parameters: A classifier should have as few parameters to tune in the system as possible.  Ideally, a classifier system will have no parameters that need to be tuned during training.  If there are parameters, the effect these parameters have on the system should be well understood.

· Nonparametric Classification: Parametric classifiers assume a priori knowledge about the underlying probability density functions of each class.  If this information is available, it is possible to construct very reliable pattern classifiers, but often this information is not available.  When the classifier does not have a priori information available, it is called a nonparametric classifier.  If the classifier is nonparametric, it should be able to describe the underlying distribution of the data in a way that still provides reliable class boundaries.
9.1
Species Discrimination Review

Species identification has been problematic in fisheries acoustics (Rose & Leggett, 1988; Foote, 1990; MacLennan & Simmonds, 1992).  The traditional methods of ground-truthing acoustic signals with net captured organisms are often biased (e.g. Thorne, 1987; Nakashima, 1990), at times missing whole classes of targets that comprise part of the acoustic signal.  Moreover, the spatial and temporal resolution of net sampling is often difficult to compare with the higher resolution and more comprehensive acoustic data.

Two approaches other than direct capture have been under investigation to aid target identification: mean target strength and shoal description.  The two methods can be used together and in conjunction with visual echogram interpretations.  More complex broadband methods, like the method being applied under this effort, have been shown to have potential to classify targets but have always been thought to be too technically demanding to be practical for acoustic surveys (e.g. Zakharia, 1990; Simmonds & Copeland, 1986 & 1989; Simmonds & Armstrong, 1990).  Mean target strength has been used to discriminate between species whose acoustic sizes differ, on average, by more than a factor of two.  For example, mean target strength correctly discriminated between cod (mean size 50 cm) and capelin (mean size 15 cm) shoals in the northern Gulf of St. Lawrence with 90% accuracy (Rose & Leggett, 1988).  However, the same study showed that target strength could not be used to classify shoals of cod, capelin, and mackerel, because the target strengths of 16 cm capelin and 40 cm mackerel (no swimbladder) were similar.  Moreover, the inability to isolate a large number of representative single targets within the dense shoals of capelin, mackerel, and herring, limits the use of target strength as a species discriminator.  For example, despite experimental evidence that herring have target strengths approximately 10 dB greater that mackerel of similar size, target strength has not been a reliable discriminator of shoals of these species (Rose, 1992).

Commercial fishermen to improve catch selectivity first used shoal description techniques.  As used by marine scientists, these techniques were initially qualitative and carried out by subjective interpretations of low-resolution echogram marks (e.g. Beamish, 1966).  The potential for more objective classification techniques was recognized in the 1970’s (Deuser et al., 1979; Giryn et al., 1981), but the lack of processing power retarded their development.  The advent of high-speed analog-to-digital converters and inexpensive and portable digital computers has enabled fast quantitative high-resolution analyses of the shapes and patterns of shoal signals.  Rose and Leggett (1988) used quantified shoal characteristics to develop multivariate discrimination functions for shoals of Atlantic cod, capelin, and mackerel.  These techniques are based on acoustic interpretation of fundamental biological and ecological characteristics of aggregations of these fishes.  Signal descriptors known to have discriminatory power include shoal position in the water column (depth, distance from bottom), gross shoal measures (dimensions and shape), and measures of the signal pattern from within the shoal (measured in time or frequency domain) (Scalabrin & Lurton, 1994; Scalabrin, et al., 1996).  Quantitative descriptors of fish aggregations (schools, shoals, assemblages) can be calculated for signals derived from single of averaged echosounder pings (Vray et al., 1990), from echogram images (Richards et al., 1991), and from low-frequency echoes (Thompson & Love, 1996).

9.1.1
Measurements of Fish Echoes Near Boundaries

The application of acoustics has been constrained by the inability to measure organisms located adjacent to the surface, bottom, or other boundary conditions (Mitson, 1984).  Surface resolution is typically limited by transducer depth, blanking range, and surface noise.  For species for which vertical distributions occur daily (e.g. herring), surface resolution problems are avoided by conducting surveys during daylight hours when fish are aggregated in deeper waters (Buerkle, 1987; Wheeler et al., 1988).  Average near-surface fish densities can be estimated by periodic raising of the towed body (under calm conditions).  Temporal variations in fish distribution (Laevastu & Hayes, 1981; Rose & Leggett, 1988) and target strengths (Thorne & Thomas, 1990), relative to meteorological and oceanographic conditions, may require quantification.

The application of acoustic methods to demersal species often depends on obtaining unbiased measures of fish abundance near bottom (or measures wherein bias is constant and quantified).  One approach to better bottom resolution is to optimize system performance by the use of higher frequencies, shorter pulse widths, and narrower beam patterns (Mitson, 1983).  However, the potential for manipulation of these factors is not unlimited.  The attenuation of frequencies above 120 kHz largely disallows their use at depths greater than 200 m.  Pulses of less than 0.3 ms duration may distort received signals.  Narrower beams reduce sampling volume and require more stable deployment platforms.  For example, using a 120 kHz, 4 degree beam (half-power angle) transducer issuing 0.4 ms pulses, the bottom resolution is approximately 0.5 m at 100 m.  At 38 kHz, using a 6-7 degree beam transducer and pulse duration 0.4 ms pulse, bottom resolution is approximately 1 m per 100 m of surveyed water column.  An unknown portion of the fish surveyed will be located within this unresolvable ‘dead zone’ (Mitson, 1983), thus potentially introducing bias into acoustic measurements.

The best solution to bottom resolution problems is to undertake the acoustic measurements at times when most individuals (or a fixed and high proportion) are above the dead zone and available to the acoustic sampling beam.  To do this successfully requires extensive knowledge of the ecology of the target species.  Vertical distributions may result in systematic diel differences in dead zone related biases.  Good survey design exploits these conditions.

Ideal survey design notwithstanding, fish distributions are never fixed and always somewhat uncertain.  Unbiased methods of estimating fish densities within the dead zone may still be required.  Two methods to lessen dead zone bias have recently been proposed (Rose, 1992).  The first involves optimizing hardware configuration and improving signal analysis to improve bottom resolution for offshore and inshore ocean bottom types.  The second uses trawl estimates of fish density in the lower few meters (the dead zone) in conjunction with the acoustic estimates of pelagic densities.  Methods to optimally combine acoustic and trawl sampling methods are under investigation and will likely provide the key to better fish abundance estimates.

9.1.2
Sources of Acoustic Backscatter Information

The acoustic backscatter from fish can be processed using many different techniques to produce a signature that can be used for classification, including statistical parameters, spectral representation, and echo shape.  The sources of acoustic backscatter can provide some insight into the classification process.  The swimbladder, head, and vertebrae provide three sources of acoustic backscatter.  In addition, the motion of the fish can result in Doppler information that is also useful for identification.  The following two sections provide some insight into each of these sources of backscatter information.

9.1.3
Swimbladder, Head, and Vertebrae Backscatter

There have been several studies of the acoustic backscatter from fish.  Most research has focused on the resonance of the swimbladder as the primary source of scatter, but other researchers have found this is not the only structure that reflects acoustic energy (Jones & Pease, 1958; Diercks & Goldsberry, 1970; Lovik & Hovem, 1979).  Nash, Sun & Clay (1987) have analyzed the acoustic anatomical structure of a fish.  Eight species of fish were analyzed to determine their percentage of backscatter energy for the head, swimbladder, and vertebrae.  Table 8 shows the percentage of backscatter for three of these species.  It is clear from the table and figure that the swimbladder is the largest source of backscatter energy, but they also show that both the head and vertebrae contribute a respectable amount of backscatter energy as well.  As an example, less than 80% of the backscatter of both the Yellow Perch and the Largemouth Bass comes from the swimbladder.  The remaining backscatter is from the head, vertebrae, and viscera/muscle tissue.

Table 8.  Relative Portion (%) of Backscattered Energy from Three Species of Fish
(One Standard Deviation in Parenthesis)

	Species
	Swimbladder
	Head
	Vertebrae
	Viscera/Muscle

	Yellow Perch
	79.4 (3.2)
	6.1 (1.9)
	2.7 (1.6)
	11.8 (4.5)

	Largemouth Bass
	79.4 (20.2)
	11.9 (5.4)
	11.5 (8.2)
	-

	Rock Bass
	94.5 (4.7)
	12.8 (5.1)
	7.3 (1.4)
	-



9.2
Salmon Species Classification – Kenai River AK

During Phase I, Scientific Fishery Systems, Inc. (SciFish) was invited by the Alaska Department of Fish and Game’s Sport Fishing Division (ADF&G) to collect broadband sonar echoes from tethered fish in the Kenai River in South Central Alaska.  The primary objective of this study was to determine if there was sufficient information in broadband sonar echoes from the live tethered animals to determine their species.  In prior work in marine (Simpson & Penvenne, 1996a & 1996b; Denny & Simpson, 1998), lake (Simpson & Tuohey, 1996), and riverine (Denny, et al., 1999 & 2000) environments, SciFish has demonstrated the ability to identify species and size using features extracted from broadband sonar returns.

This study was focusing on two species that SciFish had not worked with to date: chinook salmon (Oncorhynchus tshawytscha) and sockeye salmon (Oncorhynchus nerka).  In addition to determining the species discrimination efficacy of the broadband sonar system, a comparison of these results with the seminal work of Burwen & Fleischman will be made as they have presented a firm baseline for species discrimination in this riverine environment using a traditional narrowband split-beam hydroacoustic sonar system.

Using the data collected on Day Two, a classifier was built that was able to correctly classify 97% of the sockeye and 83% of the chinook.  If we aggregate the classifications from a classifier built to discriminate the individual salmon from both days, the overall classification performance for chinook and sockeye are 87% and 92%, respectively.  We also found that the classifier is able to easily separate clutter and shore from fish echoes.

This report describes the location where the sonar data was collected, it reviews the data collection methodology, it summarizes the echo extraction process, it provides a brief analysis of the echoes that were collected, and it works through the construction and analysis of two classifiers built to discriminate one species from another.  This report concludes with a discussion of the results, a comparison with the prior results of Burwen & Fleischman (1998), and an enumeration of possible next steps.

9.2.1
Methods

9.2.1.1
The Kenai River

The following is a paraphrased description of the Kenai River from Burwen & Bosch (1999), pg. 3.

The Kenai River drains an area 2,150 square miles.  It is glacially influenced with discharge rates lowest during winter, increasing throughout the summer and peaking in August.  The Kenai River has 10 major tributaries, many of which provide important spawning and/or rearing habitat for salmon.

The Kenai River drainage is located in a transition zone between a maritime climate and a continental climate.  The geographic position, and local topography, influences both rainfall and temperature throughout the drainage.  The average annual rainfall in the drainage ranges from over 101 cm in the Kenai Mountains at its source, to 46 cm in the city of Kenai at its mouth.  Average summer temperatures in the drainage range from 4° C to 18° C; average winter low temperatures range from –23° C to –40° C.

9.2.1.2
Sonar Site

Again, paraphrasing from Burwin & Bosch (1999), pgs. 3-4.

The sonar site is located 14 km from the mouth of the Kenai River.  This site has been used since 1985 and was selected for its acoustic characteristics and its location relative to the sport fishery and known habitat for chinook salmon.

The river bottom in this area has remained stable for the past 14 years despite a 100-year flood event during September 1995.  The slope from both banks is gradual and uniform, which allows a large portion of the water column to be ensonified without acoustic shadowing effects.  On the right bank, the bottom is composed primarily of mud, providing an acoustically absorptive rather reflective surface.  This absorptive property improves the signal-to-noise ratio when the beam is aimed along the river bottom.  The left bank bottom is gradient steeper and consists of more acoustic reflective small rounded cobble and gravel.

The sonar site is located below the lowest suspected spawning sites of chinook salmon yet far enough from the mouth that most of the fish counted are probably committed to the Kenai River, reducing the incidence of chinook salmon loitering in the sonar beam or returning downstream.  Initially, almost all sport fishing occurred upstream of this site.  In recent years, however, fishing has rapidly increased in front and below the sonar site, mostly during the late run.

9.2.1.3
Tethered Data Collection (The Burwin-Fleischman Method)

Ten salmon were tethered and placed perpendicular to a side-looking broadband sonar in the Kenai River over a two day period in early July.  The sonar unit was the first generation prototype broadband sonar built by SciFish from a modified RD Instruments BBADCP 150 VM.  Data was collected over three different pulse widths (2 m, 4 m, and 8 m).

Ten live fish were tethered in front of a broadband side-looking sonar.  Four of the fish were chinook salmon and the remaining six were sockeye salmon.  The sonar data was collected July 5-6, 2000 at kilometer 14 of the Kenai River.  The sonar data was collected using the tethered methodology first described in Burwin & Fleischman (1998) as illustrated in Figure 26.  Paraphrasing from Burwen & Fleischman (1998), pg. 2493, the tethering methodology is as follows:

Live chinook and sockeye salmon were captured with gill nets and held in totes until they could be placed on the tether.  A cable tie was inserted through a small hole punched in the lower jaw.  The cable tie was then attached to about 10 m of Dacron fishing line that led to two 1.4 kg downrigger weights that were used to anchor the fish to the bottom.  Another section of Dacron line (about 6 m in length) led from the weights to a buoy on the surface.  The buoy, in turn, was attached to a polypropylene line to an anchor upstream.  Using this technique, we were able to isolate the fish from other scattering surfaces such as lead weights and the buoy.
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Figure 26.  Illustration of Tethered Fish Configuration Used in these Experiments

9.2.2
Data Collected

Dr. James H. Jacobs was the principal on site for SciFish.  Dr. Jacobs was assisted by George A. Dowding, an intern working with SciFish that is completing his Bachelors Degree in Computer Science at the University of Alaska Anchorage.  Ms. Deborah L. Burwen was the principal on site for ADF&G.

Both SciFish and ADF&G logged data.  The ADF&G logs list the fish number, tide stage, species, size (length/width/girth), sex, debris on the line, condition of the fish, position of the fish in the water column, degree of fish movement, and the maximum background noise.  The fish numbers that are assigned in these logs are used to uniquely identify each fish throughout this report.

SciFish data was logged in notes taken during the data collection and through the broadband sonar system (SciFish 2000).  Seven CD-ROM’s were filled with digital ping data collected over the two days.  Full pings were stored during the study to allow complete replay of all the data collected in the river.  Data was collected using four different pulse widths (2 m, 4 m, and 8 m).  Of the ten fish that were tethered over the two days, only eight of the fish provided useful data.  Fish number 5, a 48 cm sockeye, could not be found in the beam.  Fish number 6, a 60 cm sockeye, was dead on retrieval.  Pings on Fish 1-3 were collected on Day One ( 7/5/00) and pings on Fish 4-10 were collected on Day Two (7/6/00).


Ping data is stored in an Microsoft Access database.  One database stores all of the information needed to completely replicate each Ping.  Figure 27 shows a typical echogram display from data that was replayed from the first day on the Kenai River.  Early in the echogram you see that the sonar beam is pointing too far down and it is getting a significant set of echoes off of a rock or some other large underwater object.  Later in the echogram you see that the sonar beam is adjusted to raise above the object and it is getting solid returns from the second chinook salmon that was tethered in the river on the first day.  Also note that it appears there are other fish that are being seen in the echogram in addition to the tethered chinook salmon.  Finally, there is some additional clutter that is shown in the display.

There are two other screens in the echogram display shown in Figure 27.  The screen in the upper right shows the histogram of target strengths for those echoes that are shown in the screen immediately below it.  The screen in the lower right shows a zoomed view of the larger echogram.  In this figure, we have the range set for 10 to 35 m and the zoomed view shows the last 2 minutes of data.  Also note that this view provides a much clearer view of the other fish that are near the tethered chinook salmon.
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Figure 27.  Screen capture of the SciFish 2000 echogram display

9.2.3
Results

The processing steps that convert pings into species identifications are the following.  Echoes are extracted from the pings.  The extracted echoes are converted into spectra and analyzed.  These spectra are then used to create features for classification.  The features are used to develop a classifier.  The classifier’s performance is then evaluated.

9.2.4
Echo Extraction

Echoes are detected using a matched filter process similar to that used in radar.  A coded waveform is sent into the water column in a long pulse and the returning pings are matched against the transmitted waveform to locate echoes from targets.  A perfect match produces a correlation value of 1.0.  Correlation values near zero represent uncorrelated returns.  When a target is located in the water column, a spike in the correlation is seen.  Correlation values that exceed a user-defined threshold are declared as echoes from a target.  An example of this detection process is shown in the Oscilloscope view of Ping #50 from the second Chinook salmon that was tethered during the first day (Figure 28).  In this figure the red line show the traditional echo energy display in db Volts.  Below the red line you see the correlations with respect to range.  Just past 24 m in range, the correlation value is nearly 0.4, denoting a target at that location.  This is the tethered chinook salmon being detected.


[image: image101.wmf] 

chinook

 


Figure 28.  Oscilloscope view of a ping #50 showing echo energy and correlations with respect to range



The echo extraction process is highly automated in SciFish 2000.  Below in Figure 29 you see the echogram for the second chinook salmon that was tethered in the first day.  A box is used to surround echoes of interest.  These echoes are then extracted from database and placed into a echo extraction viewer that allows the user to select those echoes of interest.  This viewer is also shown in the figure.  There are 177 echoes that met the query criteria that have been extracted and will be saved.  Each detected echo has the range, target strength, correlation, and spectra stored with it.
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Figure 29.  Example of the echo extraction process

The features extracted from each echo create an exemplar that can be used for classification.  Extracted echoes are processed using the Exemplar Set Editor.  Figure 30 shows the spectra from the first 80 of the 117 extracted echoes (100 to 200 kHz).  Using the Exemplar Set Editor it is possible to select exactly what parameters you would like to export for building the classifier.  Exemplars can be exported in either Matlab format or in tab-delimited ASCII files.
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Figure 30.  Set of exemplars extracted from the second tethered chinook salmon

Table 9.  Echoes Extracted From 4 m Pulses
(All echoes extracted using 0.30 Correlation value and TS > -30 dB.)

	Fish #
	Species
	Size (L/W/G)
	Date
	# Echoes*
	Notes

	1
	Chinook
	1100/675/141
	7/5/00
	244
	Great Hits

	2
	Sockeye
	624/370/81
	7/5/00
	448
	Great Hits

	3
	Chinook
	780/510/97
	7/5/00
	88
	Only 29 Pings

	4
	Chinook
	700/470/98
	7/6/00
	310
	Fairly Good Hits

	5
	Sockeye
	485/305/63
	7/6/00
	0
	Couldn’t Find Fish

	6
	Sockeye
	600/405/99
	7/6/00
	0
	Dead On Retrieval

	7
	Chinook
	960/610/136
	7/6/00
	99
	Spotty at start, then good hits

	8
	Sockeye
	630/370/73
	7/6/00
	259
	Good Hits

	9
	Sockeye
	575/340/71
	7/6/00
	227
	Fairly Solid Hits

	10
	Sockeye
	580/355/74
	7/6/00
	159
	Spotty Hits

	Clutter
	
	
	7/6/00
	3435
	Clutter In Front of Fish

	Shore
	
	
	7/6/00
	777
	Far Shore Hits


Pings were collected at three pulse widths for each tethered fish: 2 m, 4 m, and 8 m.  An initial review of the number of pings associated with each fish revealed that there were no echoes available at 2 m for Fish 3 and 7, so our initial classification evaluation was done using the 4 m pulses.  Table 9 lists the number echoes extracted from each fish.  Note that Fish 5 and 6 had no echoes extracted, reducing the sample size to eight fish – four chinook and four sockeye.  In addition, echoes were also extracted from the clutter that was seen immediately surround each fish and echoes were extracted from the far shore detections at 70 and 90 m.

9.2.5
Spectral Analysis

The first step in developing a classifier is to analyze the spectra (Figure 31).  Immediately we see that the spectra from those fish during Day One have a significant difference from those collected during Day Two.  In particular, the Day One data shows the carrier frequency quite clearly at 154 kHz, but the Day Two data does not include this carrier.  Typically this type of interference is indicative of the inclusion of significant clutter with the targets, indicating that the beam included a great deal of the bottom with the echoes from the fish.
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Figure 31.  Comparison of spectra from each of the eight salmon

To confirm this problem, the exemplar sets from two of the same species were compared using the Exemplar Set Editor (Figure 32).  The spectral displays confirm that there is significant spectral energy throughout the bandwidth of interest on Fish 4 collected on Day Two, but the spectra from Fish 3 collected on Day One shows the expected tapering at the edges of the passband.

Finally, a review of the echograms for each of the fish illustrated a significant amount of clutter for the Day Two fish that was not present during the first day.  Given these differences, it was decided to work primarily with the fish from Day Two.
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Figure 32.  Comparison of spectra from chinook salmon from Day One and Day Two

9.2.6
Classifying Fish Species

Using only five salmon from Day Two (three sockeye, two chinook), the average spectra from each were compared (Figure 33).  As the figure shows, there is not a significant difference between the two salmon, but their physiological similarity would support this observation.  However, we also see that there are differences at 143 kHz, 153 kHz, and 178 kHz.
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Figure 33.  Comparison of spectra from chinook and sockeye salmon from Day Two

To compare the relative difference between one spectra and the other, the absolute value of the difference between the two spectral values are normalized by the spectral value of one and then the other spectral value (Figure 34).  This comparison shows the percentage of difference relative to the spectral values.  As the plot shows, there is an 18% average difference between the spectra, with as much as 95% difference at the highest frequencies.  This analysis indicates that there should be enough difference between the spectra to provide species discrimination.
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Figure 34.  Comparison of relative difference in spectra from Day Two

A running average of the spectra from ten consecutive echoes was used to create the exemplars.  The averaging is a critical element of the process as it removes a great deal of the variability that is present in an individual echo.

Table 10.  Training Set Composition – Day Two Data
	Target
	Species
	Total
	Train
	Percentage

	Fish 04
	Chinook
	310
	33
	10.7%

	Fish 07
	Chinook
	99
	7
	7.1%

	Fish 08
	Sockeye
	259
	28
	10.8%

	Fish 09
	Sockeye
	227
	16
	7.1%

	Fish 10
	Sockeye
	209
	18
	8.6%

	
	
	
	
	

	Total Chinook
	409
	40
	9.8%

	Total Sockeye
	695
	62
	8.9%

	
	Clutter
	159
	23
	14.5%

	
	Shore
	81
	20
	24.7%


A subset of the extracted data was used to train a neural network classifier to discriminate sockeye from chinook (Table 10).  Overall, the percentage of data used to train the neural network was just under 10% of the total number of patterns.  In addition to the salmon, the clutter echoes and the shore echoes were also included as separate classes.  These are included to create decision boundaries between fish and non-fish, a technique that provides improved classification in high-clutter environments like that experienced during Day Two.

A Probabilistic Neural Network was used as the classifier.  This neural network has demonstrated superior classification performance with reduced data sets.  If there are a large number of training exemplars, the Multilayer Perceptron is a preferred neural network classifier (Simpson, 1990).

The neural network classifier trained to an overall performance of 97% correct.  The remainder of the data was used to evaluate the classifier’s performance.  The results are shown in Table 11.  The classifier was able to correctly classify 97% of the sockeye and correctly classify 83% of the chinook.  There were 111 chinook exemplars that were misclassified as sockeye, but only 27 sockeye exemplars misclassified as chinook.  One of the two chinook salmon were 780 cm in length, which is relatively close to the size of the sockeye and most of the misclassification of the chinook as sockeye were associated with this fish.  The clutter and shore classes were very separable from the fish, with only 10 sockeye exemplars being associated with the clutter class and 6 sockeye exemplars being associated with the shore class.

Table 11.  Classification Results – Day Two Data
	
	Actual "Clutter"
	Actual "Chinook"
	Actual "Sockeye"
	Actual "Shore"
	Total

	Classified as "Clutter"
	108
	
	
	
	108

	Classified as "Chinook"
	
	557
	27
	
	584

	Classified as "Sockeye"
	10
	111
	993
	6
	1120

	Classified as "Shore"
	
	1
	
	55
	56

	Total
	118
	669
	1020
	61
	1868

	True-pos. ratio
	0.9153
	0.8326
	0.9735
	0.9016
	

	False-pos. ratio
	0
	0.0225
	0.1498
	0.0006
	

	True-neg. ratio
	1
	0.9775
	0.8502
	0.9994
	

	False-neg. ratio
	0.0847
	0.1674
	0.0265
	0.0984
	

	Sensitivity
	91.53%
	83.26%
	97.35%
	90.16%
	

	Specificity
	100.00%
	97.75%
	85.02%
	99.94%
	


9.2.6.1
Hold-One-Out Classifications

To test generalization with a small sample size (in our case, only five salmon), hold-one-out experiments were conducted.  With hold-one-out, a classifier is built using all but one sample in the data set, and then tests are made against the one sample that was held out.  For these experiments, a classifier was built using four of the five salmon from Day Two, and the fifth salmon was then tested.  The results are shown below in Table 12.  Although the classifier trained well with the available data, it was not able to generalize well to the chinook salmon.  This is indicative of an insufficient training set.  It indicates that the classifier has not been presented with a set of exemplars that are representative of the entire range of values it needs to correctly generalize to new data.

Table 12.  Classification Results – Day Two Data
	Fish # Held Out
	
Species
	# Chinook Exemplars
	# Sockeye Exemplars
	Train Performance
	Test Performance
	Hold Out Performance

	10
	Sockeye
	790
	908
	94%
	79%
	74%

	9
	Sockeye
	790
	930
	97%
	82%
	85%

	8
	Sockeye
	790
	914
	90%
	77%
	57%

	7
	Chinook
	671
	1033
	99%
	94%
	69%

	4
	Chinook
	438
	1033
	98%
	93%
	52%



9.2.6.2
Classifying Individual Fish

When looking over the data, it was conjectured that the classifier may simply be just classifying individual fish and not actually classifying to the species.  To test this hypothesis, a classifier was built that attempted to learn each individual fish as a separate class.  Table 13 lists the data used for training and testing this classifier.  In these experiments, we included all of the fish from both days.  Like the earlier classifier experiments, the exemplars are created from the average of ten consecutive echoes in range and the training data is approximately 10% of the total exemplars with the remaining 90% being used for evaluation.

Table 13.  Training and testing data used to build Individual Fish Classifier
	Target
	Number
	Train
	Percentage

	Fish 01
	244
	19
	7.79%

	Fish 02
	448
	50
	11.16%

	Fish 03
	88
	3
	3.41%

	Fish 04
	310
	33
	10.65%

	Fish 07
	99
	7
	7.07%

	Fish 08
	259
	28
	10.81%

	Fish 09
	227
	16
	7.05%

	Fish 10
	209
	18
	8.61%

	Clutter
	159
	23
	14.47%

	Shore
	81
	20
	24.69%

	Totals
	2124
	217
	10.22%


The classifier trained to 90%correct classifications overall.  The training process stalled at 90% correct, which would indicate that the decision boundaries between all the available exemplars were overlapping for 10% of the training data.  The performance on the remainder of the data is shown below in Table 14.

Table 14.  Classification Results – Classifying Individual Fish
	
	King 
	Sockeye 
	King
	King
	King
	Sockeye
	Sockeye
	Sockeye
	
	

	
	Actual "Fish 01"
	Actual "Fish 02"
	Actual "Fish 03"
	Actual "Fish 04"
	Actual "Fish 07"
	Actual "Fish 08"
	Actual "Fish 09"
	Actual "Fish 10"
	Total
	

	Classified as "Fish 01"
	195
	16
	8
	
	
	
	
	
	219
	King

	Classified as "Fish 02"
	24
	382
	 
	
	
	
	
	
	406
	Sockeye

	Classified as "Fish 03"
	 
	 
	77
	8
	
	
	
	
	85
	King

	Classified as "Fish 04"
	
	
	
	244
	4
	1
	1
	1
	251
	King

	Classified as "Fish 07"
	
	
	
	7
	55
	8
	5
	 
	75
	King

	Classified as "Fish 08"
	
	
	
	3
	4
	177
	35
	41
	260
	Sockeye

	Classified as "Fish 09"
	4
	
	
	2
	2
	10
	131
	10
	159
	Sockeye

	Classified as "Fish 10"
	
	
	
	8
	1
	19
	11
	139
	178
	Sockeye

	Total
	223
	398
	85
	272
	66
	215
	183
	191
	1633
	

	True-pos. ratio
	0.8744
	0.9598
	0.9059
	0.8971
	0.8333
	0.8233
	0.7158
	0.7277
	
	

	False-pos. ratio
	0.017
	0.0194
	0.0052
	0.0051
	0.0128
	0.0585
	0.0193
	0.027
	
	

	True-neg. ratio
	0.983
	0.9806
	0.9948
	0.9949
	0.9872
	0.9415
	0.9807
	0.973
	
	

	False-neg. ratio
	0.1256
	0.0402
	0.0941
	0.1029
	0.1667
	0.1767
	0.2842
	0.2723
	
	

	Sensitivity
	87.44%
	95.98%
	90.59%
	89.71%
	83.33%
	82.33%
	71.58%
	72.77%
	
	

	Specificity
	98.30%
	98.06%
	99.48%
	99.49%
	98.72%
	94.15%
	98.07%
	97.30%
	
	




The classifier results were encouraging.  As expected, the Day One fish were clearly separated from the Day Two fish, with the exception of 4 Fish 09 being classified as Fish 01.  What is more encouraging is the confusion of the Day Two fish.  Fish 04 and 07 are both Chinook and Fish 08, 09, and 10 are Sockeye.  As shown in Table 15, when looking at aggregates of the species, we see that the confusion between classes occurs primarily within the species, with Chinook and Sockeye being correctly classified 87% and 92% respectively for both days.

Table 15.  Classification Results – Aggregating Individual Classifications By Species
	Day Two
	
	Chinook
	Sockeye
	% Correct

	Chinook
	Fish 4 & 7
	310
	36
	88%

	Sockeye
	Fish 8-10
	36
	573
	94%

	Day One
	
	Chinook
	Sockeye
	% Correct

	Chinook
	Fish 1 & 3
	280
	40
	86%

	Reds
	Fish 2
	40
	382
	90%

	Both Days
	
	Chinook
	Sockeye
	% Correct

	Chinook
	Fish1,3,4,7
	590
	76
	87%

	Sockeye
	Fish 2,8-10
	76
	955
	92%


9.2.7
Discussion

9.2.7.1
Broadband Performance

Using the data collected on Day Two, a classifier was built that was able to correctly classify 97% of the sockeye and 83% of the chinook.  If we aggregate the classifications from a classifier built to discriminate the individual salmon from both days, the overall classification performance for chinook and sockeye are 87% and 92%, respectively.  We also found that the classifier is able to easily separate clutter and shore from fish echoes.

The sample size of eight fish is too small to make any stronger claims than the performance looks encouraging.  A much larger sample size would be needed to fully evaluate the broadband sonar’s performance.  A sample size of 100 fish would provide a more representative evaluation of the discrimination capability of the sonar.

The abrupt change in clutter between Day One and Two needs to be examined in more detail.  It is conjectured here that the clutter is the result of pointing the sonar more toward the bottom on Day Two than Day One.  It is also possible, however, that there was an introduction of noise into the system that reduced the dynamic range.  This would look similar to the clutter and could have been caused by water penetrating the extension cable on the sonar or some additional noise in the River.  A hydrophone sample should have accompanied each day’s data to quantify the background noise in the river and allow that noise to be separated from the system noise.

Averaging consecutive echoes from the same fish were necessary to create a spectral representation that was stable enough for classification.  The variability in a single ping was too extreme to create a classifier that provided a reasonable level of performance.  In the results presented herein a ten echo average was utilized.  A preliminary experiment with only a five echo average was found to give similar classification performance to the ten echo average.  What this indicates is that a tracking component will be needed in the sonar.  Consecutive echoes from the same track can be averaged to create the exemplars for the classifier.

9.2.7.2
Comparison With Prior ADF&G Classification Results

Burwen & Fleischman (1998) have performed a set of seminal experiments that explored the discrimination potential of various narrowband sonar parameters that were collected on 93 tethered salmon.  The broadband sonar data was collected using the same tethering methodology and with the guidance of Burwen, so the sampling approach is very similar.

When comparing the results between the Burwen & Fleischman results and those reported here, there are two important differences.  First, the sample size of the Burwen & Fleischman study was an order of magnitude larger.  Second, the number of echoes used to create the exemplars was considerably greater with the Burwen & Fleischman work than that reported here.  A summary comparison of the two studies is found in Table 16.  It does appear that the broadband sonar is able to provide better classification performance than the narrowband sonar, and warrants further study.

Table 16.  Classification Results – Aggregating Individual Classifications By Species
	
Experiment
	
Source
	Sockeye Correct
	Chinook Correct

	All Echoes – Univariate (SD12)
	ADF&G
	100%
	81%

	All Echoes – Univariate (SD12)
	ADF&G
	90%
	85%

	All Echoes – Multivariate
	ADF&G
	87%
	88%

	All Echoes – Multivariate
	ADF&G
	90%
	73%

	90 Echo Avg – Multivariate
	ADF&G
	90%
	66%

	30 Echo Avg – Multivariate
	ADF&G
	90%
	57%

	10 Echo Avg - Day Two – Sockeye, Chinook, Clutter & Shore
	SciFish
	97%
	83%

	10 Echo Avg - Day One & Two – Individual Fish Aggregated to Species
	SciFish
	92%
	87%


9.2.8
Next Steps

There are several areas that deserve further study and examination.  The following is a suggested list of future activities that would lead toward fully evaluating the broadband sonar’s potential use for species discrimination in the Kenai River.

· ADF&G Review.  Repeat the analyses and results presented herein with ADF&G.  This would provide valuable additional scientific perspectives and it would provide ADF&G with a better understanding of how SciFish processes its data.

· Larger Sample Size.  Repeat the data collection experiment with a much larger sample size, possibly as many as 100 total salmon.

· Narrowband / Broadband Co-sampling Evaluation.  Repeat the data collection experiment using both the current narrowband sonar and the SciFish broadband sonar.  Compare the species discrimination accuracy of each using the same fish to provide the greatest opportunity for performance evaluation.

· Aspect Angle.  Burwen & Fleischman (1998) had performed a set of aspect angle measurements that evaluated the affect of lateral movement on species discrimination.  Repeating those studies with the broadband sonar would be beneficial as well.  Specifically, it would be useful to understand how well the correlation process performed for detection as the aspect angle is varied.  Again, this should be done in conjunction with narrowband sonar to provide a performance comparison.

· Other Species.  Repeat the data collection experiment with additional species such as coho and/or pink salmon.

Beyond these, there are some longer term activities that should also be considered.  These include:

· Pool Tests.  If a target similar to a salmon can be found, it would be possible to conduct a set of very controlled experiments in a pool.  SciFish has spent a large amount of time in pool tests and have found these experiments to be extremely valuable as they eliminate a large number of unknowns in the experiment.  Specifically, tracking performance, detection performance, and aspect angle dependence can all be examined in the pool.

· New Design.  SciFish has the opportunity to design and build a split-beam broadband sonar specifically for use in a riverine environment.  It would be extremely helpful to have ADF&G participate in the development of this sonar specification.

· Function Approximation.  The experiments conducted herein have focused on developing a classifier that was capable of discriminating one target from another.  As an alternative, if a larger sample size was available that provided a range of sizes from smallest to largest fish, a neural network could be created that would provide an estimate of the fish’s length.  This function approximation approach might provide a more general solution than the classifier.

10
System Design

SciFish will use a 150 kHz broadband sonar to provide the count and track fish in a riverine environment. This new split-beam broadband sonar, the SciFish 2100, will continue to expand the SciFish 2000 software developed for our hull-mounted vertical marine sonar to include the software and hardware necessary to efficiently count and classify fish in rivers and streams.

SciFish 2100 will be a 150 kHz broadband sonar equipped with four elliptical beams. The system will employ a single transmit beam and four parallel receive beams (Figure 35). The receiver operation supports a number of processing options including phase comparison split beam processing for target tracking.  The sonar will consist of three units: a transducer, a sonar control unit, and a personal computer.  An analog cable will connect the transducer to the Sonar Control Unit (SCU) and a high-speed serial connection between the SCU and the personal computer will pass data and sonar control between the two units.  The following sections address various aspects of the system design.
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Figure 35.  SciFish 2100 Split-Beam Broadband Sonar System Components

10.1
Power Supply

The SciFish 2100 sonar will be configured to operate from an internal battery with a valid terminal voltage range from 20 VDC to 60 VDC.

The SciFish 2100 sonar internal battery pack will be a 250 watt hour rechargeable energy source which is capable of running the sonar for well over 100 hours without recharge.  Extended run capability also exists. The extended run battery is housed separately, and connected with a dedicated cable.

10.2
Temperature of Operation

10.2.1
Operational Temperature Range

The operational temperature range of the SciFish 2100 sonar will be from -5O C to 45O C. 

10.2.2
Storage Temperature Range

The storage temperature range of the SciFish 2100 sonar will be -30O C to 75O C.

10.3
Transducer

10.3.1
Four Element Split Beam

The SciFish 2100 sonar is equipped with a single transmit beam and four parallel receive beams with the complex output associated with the phase comparison, split beam processing methodology.  Figure 36 shows the split-beam configuration.  The transducer will be an elliptical 10( by 2( ceramic split into four quadrants.
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Figure 36.  10( by 2( Split-Beam Elliptical Transducer

10.3.2
Frequency Options

The SciFish 2100 sonar is configured to operate with a broadband transmit pulse centered at 150 KHz.  The SciFish 2100 sonar employs a broadband coded pulse that provides superior range resolution and provides the information necessary to perform species identification. SciFish holds the U.S. patent for broadband fish identification systems (Simpson, 1994).

10.3.3
Beam Pattern

The SciFish 2100 sonar will be equipped with four receive beams with beam widths of 10( by 2( at the 3 dB points.  Transducer shading will be utilized to provide a constant beam patter with frequency..

10.3.4
Side Lobes

The side lobe structure of the receive beams of the sonar will be designed for 20dB below the Maximum Response Angle sensitivity.

10.3.5
Source Level

· 226 dB rel 1(Pa

10.3.6
Frequency response

· 110 – 190 kHz @ ( 6 dB pass-band flatness

10.3.7
Duty cycle

· ( 10%

10.3.8
Transmit pulse length

· ( 8 m (c = 1500 m/s) 

10.3.9
Transducer impedance

· 50 ( nominal

10.3.10
Transducer Calibration

10.3.10.1
Beam Patterns

The SciFish 2100 sonar transducers are elliptical transducers which operate in the thickness mode.  The first sidelobe will need to be down by more than 20 dB to eliminate grazing effects with the bottom.
10.3.10.2
Sensitivity

The receiving sensitivity of the four SciFish 2100 transducers should be at least 227 dB re 1uPa per Vrms @ 1 meter.
10.3.10.3
Beam Angles

All four beams are parallel. The center-to-center distance between adjacent transducer faces will be 0.075 m (75 mm).
10.3.11
Transducer Housing and Cable Specification

10.3.11.1
Transducer Housing Material

The SciFish 2100 transducer will be housed in a watertight enclosure fabricated of polyurethane.  The plastic enclosure is less than half the weight of its equivalently sized aluminum counterpart. Since portability and resistance to corrosion are both significant requirements for the final sonar system, the polyurethane enclosure is considered to be a superior housing material.

10.3.11.2
Cable Specifications

10.3.11.2.1
Cable Connection

The cable connection to the SciFish 2100 Sonar Control Unit (SCU) is a single connector, which can be mated while wet. The connection provides the high-speed data link to the system PC.
10.3.11.2.2
Cable Jacket

SciFish will use Military Standard LS2SWU series cable.  This cable type uses a waterproof, high-density jacket with superior solvent and abrasion resistance characteristics.

10.3.11.2.3
Cable Buoyancy

The LS2SWU series of cables are negatively buoyant. This type of cable is routinely used for military warship applications where wet or totally submerged operation is required.  SciFish engineers have deployed this type of cable for continuous operation at seawater depths in excess of 200 meters.

10.3.11.2.4
Cable Length

The cable length for the high-speed communications protocol depends upon the data rate employed by the system.  SciFish will require a cable that allows full data transfer rates for cables of at least 100 m.
10.3.11.2.5
Cable Shielding

The LS2SWU series cables are configured as twisted shielded pair conductors. This configuration is the standard for low noise, high immunity signal transmission. In addition, the LS2SWU series cable employs significantly superior, 100% coverage, foil shielding.

10.4
Transducer Positioning System

SciFish will utilize a manually adjustable cradle, which will support the SciFish 2100 sonar at pan and tilt angles.

The SciFish 2100 sonar will be equipped with internal sensors for transducer azimuth relative to magnetic north, and roll and pitch attitude relative to Earth horizon level.  These sensors may be monitored at the system PC via the high speed data link.

10.5
Transmitter

10.5.1
Transmit Waveform

· Bi-phase coding ((50% bandwidth, sinx/x spectra)

10.5.2
Transmit Power

· 250 Watt

10.5.3
Operating Pressure Rating

· Operating depth: ( 30 m

10.5.4
Mechanical

· Vertical Tripod mount style for horizontal deployment

· Cable diameter: ( 12.5 mm (1/2”)

· Cable length: ( 100 m (100 ft)

· Mounting shaft: OD 2.375", 11.5 threads/in. (equivalent to 2-11.5 piping, ~2"ID)

10.5.5
Pulse Type

The pulse type employed by the SciFish 2100 sonar will be 13 element barker code followed by a pseudo-random noise sequence.  The bandwidth of each ping returns sonar echo signals rich in target structure information. SciFish has a number of proven systems which utilize the broadband echo signals to accomplish fish species identification with a high degree of success. 

10.5.6
Pulse Repetition Rate

The maximum ping rate (pulse repetition rate) for a sonar, assuming that there is no clever coding being used to allow ping trains to be utilized, is determined by the speed of sound in water, c, and the maximum range, r.  The number of ping per second is then
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The graph below (Figure 37) shows the number of pings per second for a given set of range values.  The  maximum ping rate at 100 m is 7.5 pings / sec.  At 10 m however, the ping rate can be as much as ten times the rate at 100 m, or 75 pings / sec.
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Figure 37.  Pings Per Second Relative to Range

10.6
Receiver

10.6.1
Receive Beam Pattern

Same as transmit

10.6.2
Receiver Amplifier

10.6.2.1
Frequency Response

· Minimum Bandwidth: 110 – 190 kHz @ -3dB

· Pass-band flatness: ( 2 dB

· Stop-band attenuation: ( - 74 dB

10.6.2.2
Gain

· Minimum gain setting: 20 dB

· Maximum gain setting: 83 dB

· Gain adjustment: 8 settings in 9 dB increments

10.6.2.3
Receiver Noise Characteristics:

· Noise figure: ( 10 dB @ gain = 65 dB, @ pass-band center frequency

10.6.3
Analog to Digital Conversion

· Minimum Resolution: 12 bits

· Maximum Sampling rate: 768 ksps

10.6.4
Hardware Interface

· Command interface: RS-232 or RS-422 serial

· Data interface: RS-485 serial with hardware handshaking

· Maximum user i/o cable length: 100 meters

· Cable type: RS-422 or RS-485 type interface cable

10.6.5
Dynamic Range

The dynamic range of the analog portion of the SciFish 2100 sonar receiver electronics is highly dependent upon the mode of operation. As a phase comparison, acoustic Doppler profiler, the return echo information is hard limited. This of course results in the return of the phase information only. By definition, the dynamic range of a clipped process is 6 dB.  The sonar, however, is capable of providing the hard limited output at ranges of 300 meters. Using standard transmission loss equations, with the Fisher Simmons acoustic absorption for 300 kHz, a receiver would have to be able to successfully clip signals with a voltage range well in excess of 120 dB. 

When the SciFish 2100 output is the intensity signal, the sonar provides a logarithmic representation of the RMS echo signal for each beam.  The transmission loss plus absorption values for this scenario require 73 dB linear dynamic range above the noise floor.  SciFish 2100 provides this RMS measurement over a 300 meter range.

10.6.6
Range Control

The range control of the SciFish 2100 sonar will allow acquisition of sonar echo signals beyond a pulse width of blanking range from 1m to 100 meters.

10.7
System Interfaces

10.7.1
System Inputs

The wet end system has two inputs, acoustic signals and control signals. The dry end of the system has two inputs, digitized signals from the wet end of the system, and user control via PC keyboard.
10.7.1.1
Transducer Inputs

The wet end of the SciFish 2100 sonar is a single module within a waterproof enclosure. As a result of this configuration, the transducer connection is internal. No waterproof connector is required.

10.7.1.2
Triggering Inputs

The wet end of the SciFish 2100 sonar receives triggering input from the system PC via the high speed data link. The connector from the wet end to the cable is a waterproof connector that may be mated under water.

10.7.2
Outputs

The wet end system has two outputs, transmitted acoustic ping signals and digitized receiver signals. The dry end of the system has two outputs, the control signals to the wet end, and the display for user evaluation. 

10.7.2.1
Raw Signals

SciFish will provide a representation of the raw acoustic signals to the dry end of the system. All of these signals are digitized within the sonar control unit. 

10.7.2.2
Detected Signals

The SciFish 2100 sonar provides digitized representations of the left, right, upper, and lower sonar receiver beams as a low level, complex demodulated output. The sonar also provides the complex intensity vector for each receiver beam.

In addition to these sonar signals, the system also provides a digitized representation of the wet end system physical attitude in terms of azimuth, roll and pitch angles.

10.7.2.3
Synchronization Signals

All synchronization signals for the SciFish 2100 sonar operation are generated by the system PC, and are available as data link TTL signals.

10.7.2.4
Parallel Port

The system PC provides a standard, LPT type line printer port.

10.7.2.5
Serial Port

The system PC provides a standard, RS 232 type serial port. The system also employs a high speed data port for communication with the sonar control unit. 

10.7.2.6
Digital Interface

The interface connections between the sonar control unit and the PC are digital in nature, and reside on a high speed data link.

10.7.3
Data Rate

The number of channels of data, the number of bytes per sample, and the sample rate determines the data rate from a split-beam system.  Table 17 shows the calculation for the data rate for the current split-beam design.

Table 17.  Data Rate Calculation

	samples/sec
	bytes/sample
	# channels
	Data Rate
	Mbps

	500,000
	2
	4
	4,000,000.00
	40,000,000.00



The following is a list of the maximum transfer rates for various connections in megabits (Mb) and megabytes (MB) per second: 

· Serial Port: 115kbits/s (.115Mbits/s)

· Standard Parallel Port: 115kBYTES/s (.115MBYTES/s)

· USB: 12Mbits/s (1.5MBYTES/s)

· ECP/EPP parallel port: 3MBYTES/s

· IDE: 3.3-16.7MBYTES/s

· SCSI-1: 5MBYTES/s

· SCSI-2 (Fast SCSI, Fast Narrow SCSI): 10MBYTES/s

· Fast Wide SCSI (Wide SCSI): 20MBYTES/s

· Ultra SCSI (SCSI-3, Fast-20, Ultra Narrow): 20MBYTES/s

· UltraIDE: 33MBYTES/s

· Wide Ultra SCSI (Fast Wide 20): 40MBYTES/s

· Ultra2 SCSI: 40MBYTES/s

· IEEE-1394: 100-400Mbits/s (12.5--50MBYTES/s)

· Wide Ultra2 SCSI: 80MBYTES/s

· Ultra3 SCSI: 80MBYTES/s

· Wide Ultra3 SCSI: 160MBYTES/s

· FC-AL Fiber Channel: 100-400MBYTES/s

The data rate can be satisfied with current technology, most likely FireWire or new generation SCSI.

10.7.4
Sonar Control Interface

The user setup allows for:

· Transmit pulse length 2n in meters where 0 ( n ( 3 (c = 1500 m/s)

· Blank 2n+1 in meters after transmit, where 0 ( n ( 3 (c = 1500 m/s)

· Manual Ping command (single Ping operation)

10.7.4.1
Data Output Format

· The data output format will be a continuous stream of data, MSB followed by LSB for the duration of the sampling period.

10.7.4.2
Command Input Format

· The command input format will consist of single bytes, with a 4-bit command nibble (MSN) and a 4-bit data nibble.

	d7-d4
command nibble
	d3-d0
data nibble


· The command nibble will set command parameters (ping duration, gain, etc.) and initiate manual pinging.

10.8
Software

SciFish has developed software that interfaces to two different broadband fisheries sonars produced by RD Instruments over the past three years.  This software includes raw data storage, data processing for detection and classification, and the development of displays for data visualization.

The software development for the ADF&G riverine application will be a direct extension of these earlier developments.  In addition to meeting the requirements stated in the RPF, SciFish will provide a flexible coding environment that can grow to meet the future needs of the ADF&G as well as provide a mechanism for incorporating new advances in fisheries hydroacoustics as they emerge.

All software will be developed in Microsoft Visual Basic 5.0 and Microsoft Visual C++.  Real-time data storage will be spooled to binary files.  Processed and emulated storage will utilize the Microsoft Access database.

10.8.1
Processing Overview

An overview of the software modules is shown below (Figure 38).  The software processing has been organized into three areas:

· Real-Time Processing.  Echo counting, fish tracking, system configuration, data displays, sonar control interface, and data storage are handled by the real-time processing system.

· Off-line Processing.  Using echo and track data, the data analysis toolbox will be invoked to produce biomass estimates in fish passage per unit time.  The Data Analysis Toolbox will utilize a database to store intermediate and final results, allowing flexible query, report generation, and data exportation capability.

· Ping Storage.  As an option, ping storage software will be provided that will allow storage of the raw ping data.  This storage capability provides ADF&G with the ability to investigate new algorithms that require the full ping, such as new detection algorithms and noise removal.
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Figure 38.  SciFish 2100 Software Functional Flow Diagram

10.8.2
Parameters

There are three sets of parameters that will be stored during system operation: calibration, environmental, and transducer.  Each parameter set is listed below, and later in this section the storage of each parameter set will be defined.

10.8.2.1
Calibration Parameters

	· Noise
	· Source Level
	· Receiver Sensitivity*

	· Calibration Date
	· Calibration Technician
	· Beam Shape*

	· Pitch, Roll, Yaw**
	
	


* Calibrated every 10 kHz from 230 kHz to 380 kHz for initial system

** Provided with each ping

10.8.2.2
Environmental Parameters

	· H20 Sound Speed
	· Tide (ebb, flood, height)
	· H20 Temperature**

	· Salinity
	· Transducer Depth
	


*** Provided with each ping

10.8.2.3
Transducer Parameters

	· Ping Rate (per sec)

· Pulse Width (msec)

· TVG

· Noise Threshold
	· Start Frequency (kHz)

· Stop Frequency (kHz)

· Closest Range (m)

· Furthest Range (m)
	· Pulse Type (CW, PRN, Sweep, Chirp)

· Transmit Power

· Receiver Gain


10.8.3
Real-time Processing Software

10.8.3.1
Fish Counting

SciFish will employ, at a minimum, the echo detection and the fish tracking approaches described in the earlier sections will be utilized.

10.8.3.1.1
Raw Echo File

SciFish 2100 will store raw echoes in a data file that is either automatically named or named by the user.  Each echo will include, at a minimum, the following information:

	· Ping Number

· Range (m)

· Composite voltage
	· Correlation Values

· up-down (X-Z) angle (degrees)

· left-right (X-Y) angle (degrees)


In addition to these values, each echo file will include a file header with additional data collection information, including, at a minimum:

	· Date, time (start, stop)

· Location (lat-lon, and text)

· Field Technician’s Name
	· Calibration Parameters

· Transducer Parameters

· Environmental Parameters


Spare storage areas will be placed with both the echo and echo file headers.  This spare room is used to store later parameters that are not originally known.  For rapid and compact storage, all echo data will be stored in binary files on the hard-drive and later transferred to permanent storage on CD-ROM.

10.8.3.1.2
Processed Data

A group of echo files will be processed to produce a table within an Access database that allows a wide range of queries, analyses, and exports to be performed.

· Time at start: Provided directly in echo file header.

· Amount of sampling time: Computed from the difference between stop and start times.

· Amount of disabled time: Each echo file will represent a set of contiguous echoes, therefore analysis of a set of echo files will provide a time history of when the system was sampling and when it was disabled.  The software emulation utility will be built to perform this analysis.

· Ping number: Provided directly in echo file header.

· Echo number: Calculated individually from each ping, starting at min range and working toward max range.

· Number of echoes in each range interval: Computed directly from echo file using the ping number and range.

· Range:  Provided directly in echo description.

· X-axis location: Derived directly from up-down and left-right angle.

· Y-axis location: Derived directly from up-down and left-right angle.

· Fish Passage Estimates: Using the echo counting and fish tracking techniques described earlier it is possible to produce a database table for any location and time interval.  The resulting table can then be easily analyzed using either custom software or database queries, depending on the complexity of the task.  The results of all estimates will also be stored as database tables that can be quickly and easily exported to a wide variety of file formats, including database spreadsheets, other databases, and ASCII files.

10.8.3.1.3
Real-Time Output Graphics

SciFish will provide a wide range of graphical displays that are activated from Windows as shown below.  Real-time displays will include:

	· Echogram display (TS, TS/freq., freq.)

· Oscilloscope display

· X-Y plots of acquired echoes (in angles)

· X-Y plots of acquired echoes (in meters)

· TS plots by frequency
	· Y-Z plots of acquired echoes (in angles)

· Y-Z plots of acquired echoes (in meters)

· Bar charts of estimated fish passage at range (fish density plot)

· Bar charts of estimated fish passage through time (fish density plot)


Examples of some of these displays are found in Figures 39 and 40.
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Figure 39.  Examples of EchoGram Plot in SciFish 2100
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Figure 40.  Examples of Oscilloscope Plots in SciFish 2100

10.8.3.1.4
 Full Ping Storage

SciFish 2100 will allow for full ping storage so that later analyses of the detection, target strength estimation, echo counting, echo integration, and fish tracking algorithms can be verified and fine-tuned.  Table 18 describes the raw ping header used by SciFish’s broadband sonar fish identification system.  This data header defines all of the parameters related to a single ping of the broadband system.  Four the four-beam system being proposed, this header would be followed by four complete sets of digitized pings, one per beam.

Table 18.  Raw Ping Header Data Format Currently Used in SciFish’s Broadband Sonar Software

	/* ***** File Information (8 Bytes) ***** */

	BYTE     fileFormat;         // denotes raw pings (26), echoes (13)

	BYTE     contactCode;        // for use finding key pings

	BYTE     softwareRev[6];     // string (e.g. "01.10\0")

	/* ***** Date & Time Stamp (8 Bytes) ***** */

	BYTE     year;               // calendar from 1900 (95)

	BYTE     month;              // month of year (1..12)

	BYTE     day;                // day of month (1..31)

	BYTE     hour;               // hour of day (0..23)

	BYTE     minute;             // minute of hour (0..59)

	BYTE     seconds;            // seconds of minute (0..59)

	BYTE     hSeconds;           // hundredths of seconds (0..99)

	BYTE     timeSource;         // whose clock (SciFish,RDI,..)

	/* ***** Transducer Parameters ( 24 Bytes) ***** */

	BYTE     pingMode;           // AUTO/MANUAL and CW/PN Code/Chirp

	BYTE     receiverGain;       // Fixed gain setting (0,1,2,3)

	BYTE     beamAngle;          // nominal, in tenths of deg (30,150)

	BYTE     cyclesPerCodeElt;   // num of carrier cycles per PN code

	WORD     startFrequency;     // in hundreds of Hz 

	WORD     stopFrequency;      // in hundreds of Hz

	WORD     pulseLength;        // in millimeters

	WORD     pulseWidth;         // in microseconds

	WORD     numXmitCodeElts;    // number of code elements xmitted

	WORD     ducerSpare[5];      // spare room 

	WORD     samplePeriod;       // time between samples in nanosec (1300)

	/* ***** Data Parameters ( 32 Bytes) ***** */

	DWORD    pingNumber;         // ping count within file

	DWORD    sampleCount;        // samples stored this ping (100000)

	BYTE     bitsADCsample;      // bits in one digitized sample (12)

	BYTE     bitsCPUsample;      // bits in one stored sample (8,16)

	WORD     pingPeriod;         // time between pings in ms (200)

	WORD     samplePeriod;       // time between samples in ns (1300)

	WORD     dataSpare[8];       // spare room

	WORD     echoRange;          // range to start of target echo in decimeters

	/* ***** Function Generator Parameters (16 Bytes) ***** */

	WORD     oscTimeReq;         // requested pulse width, us

	WORD     oscTimeAct;         // actual pulse width, us

	WORD     oscStopReq;         // requested stop freq., hundred Hz

	WORD     oscStopAct;         // actual stop frequency, hundred Hz

	WORD     hpSpare[4];         // spare room

	/* ***** Environmental Parameters (32 Bytes) ***** */

	WORD     speedOfSound;       // in decimeters/sec (15000)

	WORD     tide;               // decimeters above MLLW

	WORD     waterTemp;          // surface temp in 1/10 deg. C (130)

	WORD     salinity;           // parts per thousand * 1000 (35000)

	WORD     estDepth;           // calculated from echo in decimeters

	WORD     absDepth;           // known or estimated in decimeters

	WORD     envSpare[10];       // space for more

	WORD     loose[4];           // round up to 128 Bytes


10.8.3.2
Fish Tracking

The tracking of fish through the four beams will allow accurate counting of fish.  The initial tracking algorithm employed will be the one described earlier in this report,a technique based upon the method of Brede, et al. (1990).  The software development strategy, discussed elsewhere in this proposal, will allow other fish tracking algorithms to be easily integrated, tested, and compared. 

Fish Tracking follows echo processing.  Detected echoes will be passed to the fish tracker.  The fish tracker will assign each echo to an existing or new track.  At track initialization, a track file will be created and a track header will be assigned that includes a description of the pertinent tracking parameters (described below).

10.8.3.2.1
Real-Time Data Processing Parameters

The majority of the parameters required for real-time data processing are contained within the echo file header, including calibration, signal, system, and environmental parameters.

Track File Header

Track specific parameters will be defined by the user and stored in the track file header.  At a minimum, the following parameters will be stored in each ping header:

	· Echo file name where the echoes are kept

· Min, Max number of echoes per fish (user defined)

· Range Strata (min, max in meters, user defined)

· Range Strata Increment (meters, user defined)

· Range Thresholds (min, max in meters)

· Ping Concentration
	· Off-Axis Angles (min, max in both planes)

· Min, Max, and Average TS (reported in dB)

· Min, Max, and Average PW (reported in uSec)

· Max Aspect Ratio in both X and Y dimensions

· Min and Max distance traveled (in meters)


Echo Specific Information
The echo filtering criteria (threshold values, PW’s at -6, -12, -18 dB) are defined in the echo files.  Similarly, the calibration parameters (cited earlier) will be contained in the echo file header that is identified in the track file header.

10.8.3.2.2
Data Storage, Transfer and Reporting

Real-time fish tracking will be provided.  Each fish track will be stored in its own file and fish tracks will be displayed.  Off-line data processing will convert a set of track files into a database table.  From there, statistical and summary reports will be produced that meet the specific needs of ADF&G.  Once committed to a table, the data can also be easily exported in ASCII, spreadsheet, or alternate database format.

Tracked Fish Echo File

Each fish track file will include a track header (described above).  Following each track header will be the sequence of echoes that define the path of a single fish through the split-beam system.  At a minimum, the following information will be provided with each echo:

	· Fish Number

· Corresponding Echo File Name

· X-direction coordinate (degrees)

· Y-direction coordinate (degrees)

· Estimated TS (see earlier definition)
	· Starting Ping #

· Range (m)

· Pulse widths at -6, -12 and -18 dB

· Composite voltage

· Beam Pattern Factor by Frequency



Optional Condensed Fish Echo Track File

As an option, multiple fish track files will be created from a single echo file, which allows for a compact representation of fish tracks as a sequence of triplets:  track number, ping number, echo number.  By utilizing this method of storage, we can eliminate the unnecessary duplication of echo information and conserve disk space as well as throughput bandwidth.

Tracked Fish Summary File

A tracked fish summary file will be created from a set of Fish Echo Track files.  This processing is performed as an off-line process within the Data Analysis Toolbox.  The combined information from both echo files and fish track files will be processed to produce a summary table that will be stored within a database.  The following fields will be included in this table:

	· Fish Number

· Starting Ping Number

· Ending Ping Number

· Total Number of Echoes

· Start X-coordinate

· End X-coordinate

· Distance Traveled in X direction

· Distance Traveled in Z direction

· Mean Beam Pattern Factor

· Std. Dev. Beam Pattern Factor
	· Mean Range (m)

· Mean -6 dB Pulse Width (mSec)

· Std. Dev. -6 dB Pulse Width (mSec)

· Mean TS

· Start Y-coordinate

· End Y-coordinate

· Distance Traveled in Y direction

· Mean -12 dB Pulse Width (mSec)

· Mean -18 dB Pulse Width (mSec)





Once the tracked fish echo files have been processed into a set of summary data in a table, the following reports will be generated:

	· Fish Passage Per Unit Time
	· Fish Density By Range

	· Fish Density By Strata
	· Fish Length Distribution Estimates


Tracked fish summary information can be exported from the table into common ASCII file formats (tab delimited, CSV, space delimited), or directly to a spreadsheet.

10.8.3.2.3
Real-Time Displays

SciFish will provide a wide range of graphical displays.  Real-time fish tracking displays will complement the set of echo-based displays.  Manual clearing of all plots will be provided for the user.  The real-time displays that will be provided include:

	· X-Y plots of individual echoes

· X-Z plots of individual echoes

· Echogram (color chart recorder) display (TS, TS per frequency, frequency)

· Oscilloscope display with manual bottom setting

· TS plots by frequency
	· Vertical bar graph showing the vertical distribution of tracked fish with color assignments for mean TS of individual fish

· Horizontal bar graph showing the range distribution of tracked fish with color assignments for mean TS of individual fish


10.8.3.2.4
Post-Processing Software

The post-processing is augmented using full ping storage capability.  Using raw ping data, it will be possible to simulate stream operation while in the laboratory, allowing new noise rejection, echo detection, echo counting, echo integration, bottom tracking, and fish tracking algorithms to be developed and tested prior to taking it to the field.

10.8.3.2.5
Bottom Tracking

Bottom tracking seeks to identify the location of the bottom within the beam.  A user-defined threshold for bottom is used to find the bottom.  The bottom tracking algorithm applies a 40 log R TVG to the signal prior to comparing to the threshold.  Once the bottom is detected, a tracking window around the bottom is set up to continue following the bottom.

Bottom tracking is primarily applied to fish stock assessment in hull-mounted or tow-body applications.

Optionally, a blanking zone can be applied above the tracked bottom.  The blanking range is user-selected.  All data within this “dead zone” is ignored.

The user can optionally select how to treat bottom drop-out.  Typically, when the bottom is lost, the previous bottom detection is used.  If the bottom is nearing the maximum sensing range, drop-out can be optionally allowed.

The parameters that can be adjusted for bottom tracking are as follows:

	· Bottom Threshold (correlation)
	· Tracking Window Size (m)

	· Bottom Blanking Range (m)
	· Lost Bottom Switch (Use last or ignore)


10.8.3.3
On-Line Help System

An on-line help system will be provided.  Each window will include a help button with appropriate information accessed upon execution.  In addition, context-sensitive help will be provided for those areas of the program where buttons are not appropriate.

10.8.4 Processing Rate

The primary driver for determining the processing rate required by the sonar system is the large FFT’s used for performing detection.  Given an N sample points, it requires N log N operations to compute the FFT.  If we assume a nominal sample size of 65536 samples, and noting that it takes two FFT’s to perform matched filtering, and assuming we are processing four beams at 10 pings per second, we would require 84 Mflops, as shown in Table 19.

Table 19.  Processing Rate Calculation

	N 
	2 N Log N
	pings/sec
	# beams
	# flops

	65,536
	2,097,152 
	10
	4
	84 M 



To determine if this is a processing speed within the range of current CPU’s., we will use the Linpack 1000x1000 benchmark.  The Linpack code is vaguely representative of the sort of codes used in scientific applications.  In a study published on the internet, it was found that there is approximately a 10:1 ratio between MHz and Mflops.  So, a 200 MHz Pentium Pro will provide 20 Mflops of processing power.  Given our requirements of 84 Mflops, we would require a processing speed of 840 MHz, which is well within the current limits of current off the shelf technology.

10.9
Calibration

10.9.1
Factory

The present SciFish 2100 sonar is a modification of the commercial product (SciFish 2000). The factory electrical calibration of all the commercial sonar suites will be performed to best commercial practices. 
10.9.2
Field

All field calibration of the SciFish 2100 is performed via the high speed data link. The calibration functions will be custom integrated into the system software. The final SciFish 2100 units used in the construction of SciFish 2100 will be provided with calibration specific to the riverine application.
10.9.3
Built In Test

The SciFish 2100 is tested for operability though the high speed data link.  The test philosophy is to provide software only interface to the sonar electronics.
10.10
Processing Platform

10.10.1
Computer
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Figure 41.  Example of a Ruggedized PC Suitable for SciFish 2100

SciFish will use a ruggedized PC similar to that shown in Figure 41 below.  The following are some of the environmental specifications we will strive to procure with the unit:

	· Operating Shock: 30g, 11ms operating
	· Storage Shock: 40g, 11ms

	· Splash proof, up to 4 inches per hour
	· 6.4 lbs. total weight

	· Operating Temp.: -9° C to 45° C
	· Storage Temp.: -20° C to 60° C

	· Operates in 10% to 80% Relative Humidity
	· Storable in 5% to 95% Relative Humidity

	· Allows for 3 foot transit drop
	· Operates in 5.5 to 200 Hz vibration


The general specifications for this PC will include the following:

	· 800 MHz Pentium CPU
	· 256 MB RAM

	· 40 GB internal disk drive
	· 3.5” internal floppy drive

	· 15” sunlight readable active color LCD (800 x 600)
	· 81 key full-sized keyboard with cursor control

	· Two serial ports
	· Parallel port

	· DockLight Replicator
	· DC Power

	· Phone Jack
	· Microphone Jacks

	· External Speaker
	· PS/2 TrackPoint Pointing Device

	· Two PCMCIA type II
	· 10 x 4/3C cells of 3100mAH NiMH rechargeable battery pack

	· CD-RW Drive
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Marketing Plan

During Phase I, we have developed a marketing plan that includes market analysis, competitive position, environmental analysis, customer analysis, and the resulting marketing strategy.  Only the outline of this marketing plan is provided below (Figure 42).  The full report will be provided as a part of the business plan submitted with the Phase II proposal.

1. Introduction


1.1. Mission Statement


1.2. Customer Advisory Board

2. Market Analysis


2.1. Product Life Cycle


2.2. Recent History of the Market


2.3. Market & Brand Development Indices


2.4. Market Share Strategy


2.5. Product



2.5.1. System Specification


2.6. Product Development



2.6.1. Alpha Tests



2.6.2. Beta Tests



2.6.3. Roll-Out


2.7. Valuation



2.7.1. Methods of Valuation

3. Competitive Position


3.1. Competition



3.1.1. Simrad



3.1.2. BioSonics



3.1.3. HTI



3.1.4. Precision Acoustics


3.2. Customer Value Competitive Analysis


3.3. Business Factor Ratings


3.4. Other Competitive Analysis Materials

4. Environmental Analysis


4.1. Economic Environment


4.2. Technological


4.3. Demographic / Social / Cultural


4.4. Political


4.5. Ecological

5. Customer Analysis


5.1. Customer Profile


5.2. New Customer Cost Analysis


5.3. Profitability by Customer Type

6. Developing Marketing Strategy


6.1. Defining the Market


6.2. Using the Served Market Concept


6.3. Customer Value Strategy
Figure 42.  Outline of Marketing Plan
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Summary

During Phase I, Scientific Fishery Systems, Inc. has implemented a broadband split-beam fish tracker that addresses many of the key challenges facing today’s riverine sonar systems, including: target detection, target identification, range resolution, species identification, reverberation, fish density, counting fish at close range, clutter rejection, and an uneven substrate.  In addition, this report has surveyed the requirements and current baseline for fish counting in a riverine environment.

Using the challenges, requirements, and the baseline as guidelines, we have analyzed all aspects of the broadband sonar system’s performance that can address these issues, including all aspects of detection, the Doppler contributions to counting and classification, the split-beam localization performance, several types of fish tracking, and species and clutter classification.  Highlights of these characterizations include the implementation, test and demonstration of both split-beam tracking and species classification using sonar data collected with the Alaska Department of Fish and Game in the Kenai River of Alaska.

Using these characterizations and results as a foundation, we have developed a broadband split-beam sonar system design that can be built and evaluated during the second phase.  The system design addresses all facets sonar system, including power, transducer, transducer position system, transmitter and receiver requirements and operation, interfaces between system components, software functionality, calibration, and the processing platform.

Finally, we have outlined our sales and marketing plan, illustrating all of the relevant aspects of moving from prototype to commercialization that need to be met from a market perspective.
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Sheet1

		Degrees		Range		TargetStrength		Correlation				Range		TargetStrength		Correlation

		0		4.4504215116		-47.4657986047		0.7859450977						0.1148667067		0.1812565849

		10		4.4406375		-50.8848285294		0.6735193941						0.0428352646		0.0382113469

		20		4.42845		-50.3408238095		0.7565760429						0.0542962478		0.1438887651

		30		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		40		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		50		4.3922008929		-52.9180385714		0.6730039393						0		0.0375555062

		60		4.3789525		-52.2637036667		0.6434873733						0.0137853976		0

		70		4.3797295455		-49.8624215152		0.6619363576						0.0643751321		0.0234736298

		80		4.3774810345		-50.4139324138		0.7667578241						0.0527560102		0.1568435902

		90		4.3759875		-50.4961001923		0.7780883173						0.0510249158		0.1712599829

		Degrees		Range		TargetStrength		Correlation

		0		0.0029813237		0.5524893377		0.03203738

		10		0.0028627853		0.7101256091		0.0331851346

		20		0.0028730136		0.4058561527		0.0352834334

		30		0.0027918781		0.3864131998		0.0250692082

		40		0.0027918781		0.3864131998		0.0250692082

		50		0.0030609131		1.4480637133		0.0592252256

		60		0.0025176562		1.0603342896		0.0479102164

		70		0.0022404437		1.0165239939		0.0810865484

		80		0.0019130269		0.1705139963		0.0272329011

		90		0.0020708854		0.1304505357		0.0152602303

		One Inch Styro, Average Correlation

		Range		TargetStrength		Correlation

		4.5217098837		-50.34573		0.6490403837

		Degrees		TS high		TS low		TS

		0		-46.9133092669		-48.0182879424		-47.4657986047

		10		-50.1747029203		-51.5949541385		-50.8848285294

		20		-49.9349676568		-50.7466799622		-50.3408238095

		30		-51.0690460595		-51.8418724591		-51.4554592593

		40		-51.0690460595		-51.8418724591		-51.4554592593

		50		-51.4699748581		-54.3661022847		-52.9180385714

		60		-51.2033693771		-53.3240379562		-52.2637036667

		70		-48.8458975212		-50.8789455091		-49.8624215152

		80		-50.2434184175		-50.5844464101		-50.4139324138

		90		-50.3656496566		-50.626550728		-50.4961001923
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		Degrees		PingNumber		EchoNumber		Range		TargetStrength		Correlation

		0		0		0		4.4499		-46.78091		0.8270029

		0		1		2		4.446		-47.74739		0.7404602

		0		2		0		4.4499		-47.98199		0.7371474

		0		3		1		4.446		-47.91401		0.7449071

		0		4		2		4.45185		-48.04411		0.7794626

		0		5		0		4.450875		-48.05553		0.8133168

		0		6		2		4.4499		-48.15321		0.754023

		0		7		1		4.454775		-48.5797		0.769688

		0		8		0		4.45185		-47.34925		0.7889333

		0		9		0		4.4499		-47.72233		0.8044964

		0		10		0		4.4499		-46.67687		0.7615052

		0		11		1		4.44795		-47.89889		0.7982767

		0		12		0		4.448925		-47.78523		0.7194601

		0		13		1		4.450875		-46.6463		0.8134432

		0		14		0		4.4499		-47.24836		0.8202833

		0		15		2		4.446		-47.80069		0.7542124

		0		16		0		4.44795		-48.18113		0.7942246

		0		17		1		4.448925		-47.80547		0.8197955

		0		18		0		4.45185		-47.24419		0.8184817

		0		19		0		4.45575		-46.74025		0.8105518

		0		20		0		4.450875		-46.96841		0.7697092

		0		21		0		4.4499		-46.86965		0.7854064

		0		22		0		4.448925		-47.29441		0.8053451

		0		23		0		4.45185		-46.92846		0.8040516

		0		24		0		4.44795		-48.17909		0.8095273

		0		25		0		4.445025		-47.72337		0.7612702

		0		26		0		4.448925		-47.16825		0.7582241

		0		27		0		4.4499		-47.01528		0.7437077

		0		28		0		4.446		-47.44497		0.7785977

		0		29		0		4.454775		-47.06505		0.7796464

		0		30		0		4.45185		-47.07107		0.8258575

		0		31		0		4.450875		-47.17906		0.7774439

		0		32		0		4.44795		-47.46475		0.8301265

		0		33		0		4.446975		-48.4497		0.7741815

		0		34		0		4.4538		-47.06563		0.8388292

		0		35		0		4.458675		-46.53349		0.7696379

		0		36		0		4.456725		-46.74921		0.7952697

		0		37		0		4.452825		-46.62519		0.8231093

		0		38		0		4.45185		-47.47396		0.8139207

		0		39		0		4.44795		-48.16307		0.7810957

		0		40		0		4.450875		-47.97639		0.7933864

		0		41		0		4.452825		-47.33477		0.8080255

		0		42		0		4.45185		-47.9303		0.6995975

		10		0		0		4.437225		-51.17099		0.7094984

		10		1		0		4.4382		-51.53979		0.7042011

		10		2		0		4.443075		-51.88376		0.6798549

		10		3		0		4.441125		-50.71677		0.6626183

		10		4		0		4.439175		-50.83701		0.7011086

		10		5		1		4.437225		-50.10766		0.6460624

		10		6		1		4.441125		-49.95718		0.6805343

		10		7		1		4.4421		-49.73362		0.6281883

		10		8		0		4.445025		-50.6291		0.6300732

		10		9		0		4.443075		-51.23554		0.6839147

		10		10		0		4.44015		-50.78588		0.6942118

		10		11		0		4.4382		-51.61491		0.6606589

		10		12		0		4.43625		-50.16849		0.6523347

		10		13		0		4.4343		-51.21655		0.607143

		10		14		0		4.435275		-50.63363		0.6161342

		10		15		2		4.44015		-49.58509		0.6392871

		10		16		0		4.44015		-50.5554		0.6403483

		10		17		0		4.4382		-49.14055		0.6800572

		10		18		0		4.44405		-50.36983		0.6189615

		10		19		0		4.445025		-50.44485		0.6597952

		10		20		1		4.443075		-50.54647		0.6386818

		10		21		0		4.441125		-51.38588		0.674856

		10		22		0		4.441125		-50.99023		0.6786661

		10		23		0		4.445025		-50.5534		0.7147992

		10		24		0		4.445025		-51.51081		0.7145122

		10		25		1		4.443075		-52.07375		0.6961796

		10		26		0		4.439175		-51.74369		0.6635978

		10		27		0		4.44015		-51.946		0.7158065

		10		28		0		4.44405		-50.72544		0.7195001

		10		29		1		4.439175		-51.13491		0.7072908

		10		30		1		4.4421		-51.53433		0.699797

		10		31		0		4.439175		-51.541		0.727082

		10		32		2		4.441125		-51.51223		0.6658527

		10		33		1		4.439175		-50.55943		0.6880515

		20		0		0		4.4304		-50.84387		0.764554

		20		1		0		4.429425		-50.54442		0.7955555

		20		2		1		4.427475		-50.54163		0.7695489

		20		3		2		4.43235		-50.50816		0.7895384

		20		4		0		4.427475		-50.91779		0.7912866

		20		5		0		4.427475		-50.78764		0.7765362

		20		6		0		4.429425		-50.44826		0.793353

		20		7		0		4.4265		-50.77356		0.7639312

		20		8		0		4.4304		-51.07838		0.7768821

		20		9		0		4.427475		-50.47674		0.8136861

		20		10		2		4.42845		-50.32927		0.7997487

		20		11		1		4.42845		-49.94889		0.7545933

		20		12		0		4.425525		-50.82105		0.7503302

		20		13		0		4.4265		-50.50026		0.784759

		20		14		0		4.4304		-50.99485		0.7815761

		20		15		0		4.4304		-50.40472		0.7815731

		20		16		0		4.42845		-50.26103		0.7281828

		20		17		0		4.425525		-51.14333		0.778025

		20		18		0		4.4304		-50.33482		0.7880213

		20		19		0		4.431375		-50.26448		0.7571948

		20		20		0		4.431375		-50.56007		0.7633512

		20		21		0		4.4304		-49.999		0.7549908

		20		22		0		4.425525		-50.02817		0.7231573

		20		23		0		4.429425		-50.16811		0.7695236

		20		24		0		4.42455		-50.38498		0.7556562

		20		25		0		4.42455		-50.66088		0.7563204

		20		26		0		4.427475		-50.2326		0.7878355

		20		27		0		4.4304		-50.20802		0.7662066

		20		28		2		4.43235		-49.82066		0.7292387

		20		29		1		4.42845		-50.35311		0.7550478

		20		30		0		4.4304		-50.35921		0.754575

		20		31		0		4.42845		-50.38136		0.7308403

		20		32		1		4.429425		-50.29314		0.7615474

		20		33		2		4.42845		-50.43081		0.7648583

		20		34		1		4.423575		-50.17317		0.7550973

		20		35		3		4.4226		-49.68944		0.7084837

		20		36		2		4.4304		-50.23112		0.7053835

		20		37		0		4.42845		-49.78585		0.7159935

		20		38		0		4.427475		-49.30379		0.7420148

		20		39		2		4.4304		-49.73182		0.7234362

		20		40		1		4.43625		-50.00026		0.6142823

		20		41		3		4.42065		-49.59588		0.6994771

		30		0		0		4.41285		-49.892		0.6092632

		30		1		0		4.4109		-50.93732		0.6496818

		30		2		0		4.41285		-49.82826		0.6236625

		30		3		0		4.406025		-51.131		0.6487684

		30		4		0		4.40895		-50.39238		0.669364

		30		5		0		4.409925		-51.28768		0.7499038

		30		6		0		4.411875		-51.39584		0.7491344

		30		7		0		4.413825		-52.21344		0.6797831

		30		8		0		4.40505		-50.69969		0.687792

		30		9		0		4.409925		-51.507		0.7399221

		30		10		0		4.4109		-51.28979		0.7158676

		30		11		0		4.411875		-50.86821		0.7300682

		30		12		0		4.40505		-51.35715		0.7020342

		30		13		0		4.407975		-51.73833		0.7294756

		30		14		0		4.407975		-51.34494		0.7449052

		30		15		0		4.407		-51.76224		0.7656634

		30		16		0		4.411875		-51.72626		0.6867673

		30		17		0		4.41285		-51.56024		0.7516581

		30		18		0		4.413825		-51.43295		0.7337585

		30		19		0		4.40895		-51.42436		0.7259526

		30		20		0		4.407		-51.83413		0.7152498

		30		21		0		4.407		-51.44573		0.691971

		30		22		0		4.411875		-51.59857		0.7461595

		30		23		0		4.41285		-51.47105		0.7342369

		30		24		0		4.413825		-51.55882		0.7451693

		30		25		0		4.413825		-51.15873		0.7445654

		30		26		0		4.413825		-51.51434		0.7359831

		40		0		0		4.407		-52.24928		0.7465685

		40		1		0		4.40115		-50.62551		0.7418211

		40		2		0		4.3992		-50.70855		0.7518089

		40		3		0		4.407975		-51.936		0.7408449

		40		4		0		4.40895		-51.40493		0.7269171

		40		5		0		4.404075		-50.7817		0.7490998

		40		6		0		4.407975		-51.11372		0.7268959

		40		7		0		4.4031		-51.01191		0.6918637

		40		8		0		4.40115		-51.14443		0.764807

		40		9		0		4.40115		-51.78279		0.7440993

		40		10		0		4.406025		-51.40997		0.7316241

		40		11		0		4.4031		-51.26925		0.7500685

		40		12		0		4.407		-51.26038		0.7526891

		40		13		0		4.402125		-51.79542		0.757878

		40		14		0		4.40115		-51.47586		0.7699119

		40		15		0		4.402125		-51.72409		0.7584209

		40		16		0		4.40895		-51.43108		0.7635487

		40		17		0		4.406025		-51.15978		0.7776551

		40		18		0		4.402125		-51.56041		0.7854309

		40		19		0		4.40115		-51.62648		0.7923213

		40		20		0		4.4031		-51.669		0.7944652

		40		21		0		4.40505		-51.6474		0.7969069

		40		22		0		4.400175		-51.76184		0.7867798

		40		23		0		4.4031		-51.59442		0.7758769

		40		24		0		4.404075		-51.65276		0.7730341

		40		25		0		4.404075		-51.72816		0.7772474

		40		26		0		4.402125		-51.77228		0.7243738

		50		0		0		4.38945		-50.98815		0.6169275

		50		1		0		4.390425		-52.46515		0.5823956

		50		2		0		4.390425		-52.92402		0.6026636

		50		3		0		4.392375		-51.58221		0.6602519

		50		4		0		4.390425		-50.62922		0.6218123

		50		5		1		4.3914		-49.55259		0.6010708

		50		6		0		4.392375		-51.66615		0.5221249

		50		7		0		4.3992		-51.61641		0.6501911

		50		8		0		4.396275		-50.96195		0.6167314

		50		9		0		4.39725		-51.94092		0.6526287

		50		10		0		4.38945		-52.81372		0.6017804

		50		11		0		4.388475		-52.77531		0.6943128

		50		12		0		4.394325		-52.25905		0.6834735

		50		13		0		4.38945		-52.93574		0.7058309

		50		14		0		4.39725		-54.51825		0.6696656

		50		15		0		4.3953		-52.38153		0.709461

		50		16		0		4.390425		-53.2671		0.6908156

		50		17		0		4.39335		-53.33521		0.659314

		50		18		0		4.388475		-53.72124		0.7305784

		50		19		0		4.38945		-53.13474		0.7134203

		50		20		0		4.38945		-54.19806		0.723001

		50		21		0		4.3953		-54.75162		0.7080625

		50		22		0		4.388475		-55.09478		0.7445012

		50		23		0		4.3914		-55.05185		0.7431499

		50		24		0		4.390425		-54.09507		0.7136256

		50		25		0		4.394325		-54.01177		0.7440675

		50		26		0		4.3914		-54.57859		0.7282878

		50		27		0		4.3953		-54.45468		0.7539645

		60		0		0		4.3797		-52.47514		0.5773408

		60		1		0		4.378725		-51.3296		0.5476657

		60		2		0		4.3758		-50.64593		0.6381098

		60		3		3		4.37775		-50.31685		0.5773214

		60		4		0		4.376775		-51.9227		0.5907358

		60		5		1		4.380675		-51.45451		0.6051545

		60		6		1		4.378725		-51.11922		0.6646488

		60		7		1		4.376775		-51.33767		0.5546724

		60		8		0		4.376775		-52.39293		0.6623598

		60		9		0		4.374825		-52.11193		0.6221454

		60		10		0		4.3758		-52.29399		0.5555661

		60		11		1		4.378725		-52.36253		0.6495416

		60		12		0		4.3797		-50.89778		0.6933151

		60		13		2		4.378725		-51.99189		0.6330329

		60		14		0		4.380675		-53.21084		0.6571435

		60		15		0		4.3758		-51.32039		0.5893387

		60		16		1		4.37775		-50.6102		0.6549037

		60		17		0		4.38165		-52.30297		0.6770121

		60		18		3		4.37775		-52.41437		0.6979293

		60		19		0		4.382625		-52.21461		0.6581722

		60		20		1		4.380675		-53.22524		0.6987123

		60		21		1		4.378725		-51.91146		0.6430876

		60		22		0		4.37775		-52.90064		0.6847252

		60		23		0		4.37775		-53.38591		0.6649158

		60		24		0		4.3758		-53.87561		0.6895673

		60		25		0		4.382625		-54.27885		0.6650152

		60		26		0		4.38165		-52.54857		0.6671552

		60		27		0		4.3836		-54.11293		0.7143512

		60		28		1		4.3797		-53.4173		0.6993537

		60		29		0		4.384575		-53.52855		0.6716281

		70		0		1		4.382625		-48.52745		0.5942641

		70		1		0		4.376775		-48.93074		0.5927765

		70		2		1		4.3797		-48.57376		0.4558903

		70		3		0		4.38165		-48.4812		0.5950681

		70		4		0		4.382625		-48.82941		0.610727

		70		5		0		4.37775		-48.52949		0.4974945

		70		6		0		4.374825		-48.81758		0.5527331

		70		7		2		4.380675		-48.59285		0.5655027

		70		8		0		4.38165		-48.78413		0.5739194

		70		9		0		4.380675		-49.30688		0.6165296

		70		10		2		4.38165		-48.69956		0.6179318

		70		11		0		4.38165		-49.09781		0.6419104

		70		12		0		4.3797		-50.19622		0.6252355

		70		13		0		4.38165		-49.41993		0.6518357

		70		14		0		4.378725		-49.91909		0.6616462

		70		15		0		4.3797		-50.2019		0.6539065

		70		16		0		4.38165		-50.79401		0.6613367

		70		17		1		4.37775		-49.92048		0.6818393

		70		18		1		4.382625		-49.87521		0.7314709

		70		19		0		4.380675		-49.44086		0.6812456

		70		20		0		4.38165		-50.3045		0.6898641

		70		21		1		4.3797		-49.56411		0.7234266

		70		22		0		4.378725		-49.763		0.7205463

		70		23		0		4.37775		-51.23359		0.7394274

		70		24		0		4.378725		-50.84716		0.7444133

		70		25		1		4.374825		-50.47614		0.7445287

		70		26		1		4.374825		-50.971		0.7385021

		70		27		0		4.37775		-51.32059		0.6818939

		70		28		0		4.380675		-50.66285		0.7527581

		70		29		1		4.380675		-51.34698		0.7925344

		70		30		1		4.38165		-51.48063		0.7647547

		70		31		0		4.380675		-51.48175		0.7631146

		70		32		0		4.378725		-51.06905		0.7248717

		80		0		0		4.3797		-50.27208		0.7599974

		80		1		0		4.376775		-49.99898		0.7327656

		80		2		1		4.378725		-50.29445		0.7826253

		80		3		1		4.37775		-50.26303		0.7403635

		80		4		1		4.3758		-50.59316		0.7489237

		80		5		1		4.376775		-50.40273		0.6897381

		80		6		0		4.37775		-50.01642		0.7403033

		80		7		0		4.37775		-50.50237		0.7811145

		80		8		0		4.3797		-50.28744		0.7888275

		80		9		0		4.37775		-50.25402		0.7883337

		80		10		1		4.37775		-50.44972		0.7634197

		80		11		1		4.3797		-50.27332		0.7176245

		80		12		1		4.376775		-50.41938		0.7387852

		80		13		1		4.376775		-50.48391		0.7665124

		80		14		1		4.3797		-50.62012		0.7975543

		80		15		1		4.3758		-50.33435		0.7669913

		80		16		0		4.374825		-50.46004		0.7458356

		80		17		1		4.3719		-50.3509		0.7867029

		80		18		0		4.378725		-50.45228		0.7916034

		80		19		0		4.376775		-50.62511		0.765766

		80		20		1		4.380675		-50.49973		0.7959207

		80		21		2		4.378725		-50.4944		0.7974382

		80		22		0		4.376775		-50.48909		0.7433351

		80		23		0		4.378725		-50.49393		0.7848193

		80		24		0		4.3758		-50.71672		0.7705213

		80		25		0		4.37385		-50.28702		0.7701489

		80		26		0		4.37775		-50.49502		0.7955281

		80		27		0		4.378725		-50.68159		0.7859614

		80		28		0		4.378725		-50.49273		0.798516

		90		0		2		4.37385		-50.25859		0.7688069

		90		1		0		4.374825		-50.42679		0.7701501

		90		2		0		4.374825		-50.21806		0.7692055

		90		3		0		4.372875		-50.00486		0.7506324

		90		4		0		4.37775		-50.27842		0.7652338

		90		5		0		4.37385		-50.48517		0.7734175

		90		6		0		4.37775		-50.21396		0.767051

		90		7		0		4.37775		-50.47353		0.8117757

		90		8		0		4.372875		-50.48293		0.7855693

		90		9		0		4.374825		-50.61995		0.7764065

		90		10		0		4.374825		-50.40963		0.7746636

		90		11		0		4.37775		-50.64565		0.8032032

		90		12		0		4.378725		-50.42126		0.7632971

		90		13		0		4.374825		-50.71334		0.7533657

		90		14		0		4.374825		-50.50307		0.7597438

		90		15		0		4.372875		-50.45254		0.763712

		90		16		0		4.374825		-50.55067		0.803796

		90		17		0		4.372875		-50.45977		0.7717987

		90		18		0		4.374825		-50.5523		0.772621

		90		19		0		4.3758		-50.61324		0.7634389

		90		20		0		4.37385		-50.67575		0.7774372

		90		21		0		4.3797		-50.44793		0.7527785

		90		22		0		4.378725		-50.67789		0.8060387

		90		23		0		4.374825		-50.5713		0.7758734

		90		24		0		4.37775		-50.66241		0.7633339

		90		25		0		4.37385		-50.65343		0.7788667

		90		26		0		4.3758		-50.63498		0.7865666

		90		27		0		4.38165		-50.47231		0.7563195

		90		28		0		4.3758		-50.40047		0.7786294

		90		29		0		4.37775		-50.48894		0.7776193

		90		30		0		4.3758		-50.50363		0.7857231

		90		31		0		4.37775		-50.57761		0.7876062

		90		32		0		4.3758		-50.58301		0.7736478

		90		33		0		4.37385		-50.36388		0.7745932

		90		34		0		4.37775		-50.54982		0.7859512

		90		35		0		4.37385		-50.40084		0.7831513

		90		36		0		4.3797		-50.49365		0.7465354

		90		37		0		4.3758		-50.52604		0.8083991

		90		38		0		4.37775		-50.49288		0.7932406

		90		39		0		4.37775		-50.521		0.7849634

		90		40		0		4.3758		-50.52033		0.7971541

		90		41		0		4.374825		-50.54716		0.7668391

		90		42		0		4.3758		-50.47749		0.7907193

		90		43		0		4.3758		-50.47848		0.7822354

		90		44		0		4.374825		-50.57525		0.7815858

		90		45		0		4.3758		-50.59581		0.7841469

		90		46		0		4.378725		-50.46284		0.7986028

		90		47		0		4.37385		-50.44347		0.7791199

		90		48		0		4.378725		-50.57485		0.7814237

		90		49		0		4.37385		-50.56139		0.7677866

		90		50		0		4.378725		-50.51657		0.7994763

		90		51		0		4.3758		-50.56207		0.7863394
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Sheet1

		Degrees		Range		TargetStrength		Correlation				Range		TargetStrength		Correlation

		0		4.4504215116		-47.4657986047		0.7859450977						0.1148667067		0.1812565849

		10		4.4406375		-50.8848285294		0.6735193941						0.0428352646		0.0382113469

		20		4.42845		-50.3408238095		0.7565760429						0.0542962478		0.1438887651

		30		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		40		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		50		4.3922008929		-52.9180385714		0.6730039393						0		0.0375555062

		60		4.3789525		-52.2637036667		0.6434873733						0.0137853976		0

		70		4.3797295455		-49.8624215152		0.6619363576						0.0643751321		0.0234736298

		80		4.3774810345		-50.4139324138		0.7667578241						0.0527560102		0.1568435902

		90		4.3759875		-50.4961001923		0.7780883173						0.0510249158		0.1712599829

		Degrees		Range		TargetStrength		Correlation

		0		0.0029813237		0.3052444683		0.03203738

		10		0.0028627853		0.5042783807		0.0331851346

		20		0.0028730136		0.1647192167		0.0352834334

		30		0.0027918781		0.149315161		0.0250692082

		40		0.0027918781		0.149315161		0.0250692082

		50		0.0030609131		2.0968885177		0.0592252256

		60		0.0025176562		1.1243088056		0.0479102164

		70		0.0022404437		1.0333210302		0.0810865484

		80		0.0019130269		0.0290750229		0.0272329011

		90		0.0020708854		0.0170173423		0.0152602303

		One Inch Styro, Average Correlation

		Range		TargetStrength		Correlation

		4.5217098837		-50.34573		0.6490403837

		Degrees		TS high		TS low		TS

		0		-47.1605541364		-47.7710430729		-47.4657986047

		10		-50.3805501487		-51.3891069102		-50.8848285294

		20		-50.1761045929		-50.5055430262		-50.3408238095

		30		-51.3061440983		-51.6047744202		-51.4554592593

		40		-51.3061440983		-51.6047744202		-51.4554592593

		50		-50.8211500537		-55.0149270891		-52.9180385714

		60		-51.1393948611		-53.3880124723		-52.2637036667

		70		-48.829100485		-50.8957425454		-49.8624215152

		80		-50.3848573909		-50.4430074367		-50.4139324138

		90		-50.4790828501		-50.5131175346		-50.4961001923

		Degrees		Corr Lo		Corr Hi		Corr

		0		0.7539077177		0.8179824776		0.7859450977

		10		0.6403342596		0.7067045287		0.6735193941

		20		0.7212926094		0.7918594763		0.7565760429

		30		0.7324477844		0.7825862008		0.7575169926

		40		0.7324477844		0.7825862008		0.7575169926

		50		0.6137787136		0.7322291649		0.6730039393

		60		0.5955771569		0.6913975898		0.6434873733

		70		0.5808498092		0.743022906		0.6619363576

		80		0.7395249231		0.7939907252		0.7667578241

		90		0.7628280871		0.7933485476		0.7780883173

		Degrees		Range Lo		Range Hi		Range Mean		Range StdDev		Range Error

		0		4.4474401879		4.4534028353		4.4504215116		0.0029813237		0.07%

		10		4.4377747147		4.4435002853		4.4406375		0.0028627853		0.06%

		20		4.4255769864		4.4313230136		4.42845		0.0028730136		0.06%

		30		4.4010303441		4.4066141003		4.4038222222		0.0027918781		0.06%

		40		4.4010303441		4.4066141003		4.4038222222		0.0027918781		0.06%

		50		4.3891399798		4.395261806		4.3922008929		0.0030609131		0.07%

		60		4.3764348438		4.3814701562		4.3789525		0.0025176562		0.06%

		70		4.3774891017		4.3819699892		4.3797295455		0.0022404437		0.05%

		80		4.3755680075		4.3793940614		4.3774810345		0.0019130269		0.04%

		90		4.3739166146		4.3780583854		4.3759875		0.0020708854		0.05%

						min		4.3759875

						max		4.4504215116

						Diff		0.0744340116		0.1927840901
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		Degrees		PingNumber		EchoNumber		Range		TargetStrength		Correlation

		0		0		0		4.4499		-46.78091		0.8270029

		0		1		2		4.446		-47.74739		0.7404602

		0		2		0		4.4499		-47.98199		0.7371474

		0		3		1		4.446		-47.91401		0.7449071

		0		4		2		4.45185		-48.04411		0.7794626

		0		5		0		4.450875		-48.05553		0.8133168

		0		6		2		4.4499		-48.15321		0.754023

		0		7		1		4.454775		-48.5797		0.769688

		0		8		0		4.45185		-47.34925		0.7889333

		0		9		0		4.4499		-47.72233		0.8044964

		0		10		0		4.4499		-46.67687		0.7615052

		0		11		1		4.44795		-47.89889		0.7982767

		0		12		0		4.448925		-47.78523		0.7194601

		0		13		1		4.450875		-46.6463		0.8134432

		0		14		0		4.4499		-47.24836		0.8202833

		0		15		2		4.446		-47.80069		0.7542124

		0		16		0		4.44795		-48.18113		0.7942246

		0		17		1		4.448925		-47.80547		0.8197955

		0		18		0		4.45185		-47.24419		0.8184817

		0		19		0		4.45575		-46.74025		0.8105518

		0		20		0		4.450875		-46.96841		0.7697092

		0		21		0		4.4499		-46.86965		0.7854064

		0		22		0		4.448925		-47.29441		0.8053451

		0		23		0		4.45185		-46.92846		0.8040516

		0		24		0		4.44795		-48.17909		0.8095273

		0		25		0		4.445025		-47.72337		0.7612702

		0		26		0		4.448925		-47.16825		0.7582241

		0		27		0		4.4499		-47.01528		0.7437077

		0		28		0		4.446		-47.44497		0.7785977

		0		29		0		4.454775		-47.06505		0.7796464

		0		30		0		4.45185		-47.07107		0.8258575

		0		31		0		4.450875		-47.17906		0.7774439

		0		32		0		4.44795		-47.46475		0.8301265

		0		33		0		4.446975		-48.4497		0.7741815

		0		34		0		4.4538		-47.06563		0.8388292

		0		35		0		4.458675		-46.53349		0.7696379

		0		36		0		4.456725		-46.74921		0.7952697

		0		37		0		4.452825		-46.62519		0.8231093

		0		38		0		4.45185		-47.47396		0.8139207

		0		39		0		4.44795		-48.16307		0.7810957

		0		40		0		4.450875		-47.97639		0.7933864

		0		41		0		4.452825		-47.33477		0.8080255

		0		42		0		4.45185		-47.9303		0.6995975

		10		0		0		4.437225		-51.17099		0.7094984

		10		1		0		4.4382		-51.53979		0.7042011

		10		2		0		4.443075		-51.88376		0.6798549

		10		3		0		4.441125		-50.71677		0.6626183

		10		4		0		4.439175		-50.83701		0.7011086

		10		5		1		4.437225		-50.10766		0.6460624

		10		6		1		4.441125		-49.95718		0.6805343

		10		7		1		4.4421		-49.73362		0.6281883

		10		8		0		4.445025		-50.6291		0.6300732

		10		9		0		4.443075		-51.23554		0.6839147

		10		10		0		4.44015		-50.78588		0.6942118

		10		11		0		4.4382		-51.61491		0.6606589

		10		12		0		4.43625		-50.16849		0.6523347

		10		13		0		4.4343		-51.21655		0.607143

		10		14		0		4.435275		-50.63363		0.6161342

		10		15		2		4.44015		-49.58509		0.6392871

		10		16		0		4.44015		-50.5554		0.6403483

		10		17		0		4.4382		-49.14055		0.6800572

		10		18		0		4.44405		-50.36983		0.6189615

		10		19		0		4.445025		-50.44485		0.6597952

		10		20		1		4.443075		-50.54647		0.6386818

		10		21		0		4.441125		-51.38588		0.674856

		10		22		0		4.441125		-50.99023		0.6786661

		10		23		0		4.445025		-50.5534		0.7147992

		10		24		0		4.445025		-51.51081		0.7145122

		10		25		1		4.443075		-52.07375		0.6961796

		10		26		0		4.439175		-51.74369		0.6635978

		10		27		0		4.44015		-51.946		0.7158065

		10		28		0		4.44405		-50.72544		0.7195001

		10		29		1		4.439175		-51.13491		0.7072908

		10		30		1		4.4421		-51.53433		0.699797

		10		31		0		4.439175		-51.541		0.727082

		10		32		2		4.441125		-51.51223		0.6658527

		10		33		1		4.439175		-50.55943		0.6880515

		20		0		0		4.4304		-50.84387		0.764554

		20		1		0		4.429425		-50.54442		0.7955555

		20		2		1		4.427475		-50.54163		0.7695489

		20		3		2		4.43235		-50.50816		0.7895384

		20		4		0		4.427475		-50.91779		0.7912866

		20		5		0		4.427475		-50.78764		0.7765362

		20		6		0		4.429425		-50.44826		0.793353

		20		7		0		4.4265		-50.77356		0.7639312

		20		8		0		4.4304		-51.07838		0.7768821

		20		9		0		4.427475		-50.47674		0.8136861

		20		10		2		4.42845		-50.32927		0.7997487

		20		11		1		4.42845		-49.94889		0.7545933

		20		12		0		4.425525		-50.82105		0.7503302

		20		13		0		4.4265		-50.50026		0.784759

		20		14		0		4.4304		-50.99485		0.7815761

		20		15		0		4.4304		-50.40472		0.7815731

		20		16		0		4.42845		-50.26103		0.7281828

		20		17		0		4.425525		-51.14333		0.778025

		20		18		0		4.4304		-50.33482		0.7880213

		20		19		0		4.431375		-50.26448		0.7571948

		20		20		0		4.431375		-50.56007		0.7633512

		20		21		0		4.4304		-49.999		0.7549908

		20		22		0		4.425525		-50.02817		0.7231573

		20		23		0		4.429425		-50.16811		0.7695236

		20		24		0		4.42455		-50.38498		0.7556562

		20		25		0		4.42455		-50.66088		0.7563204

		20		26		0		4.427475		-50.2326		0.7878355

		20		27		0		4.4304		-50.20802		0.7662066

		20		28		2		4.43235		-49.82066		0.7292387

		20		29		1		4.42845		-50.35311		0.7550478

		20		30		0		4.4304		-50.35921		0.754575

		20		31		0		4.42845		-50.38136		0.7308403

		20		32		1		4.429425		-50.29314		0.7615474

		20		33		2		4.42845		-50.43081		0.7648583

		20		34		1		4.423575		-50.17317		0.7550973

		20		35		3		4.4226		-49.68944		0.7084837

		20		36		2		4.4304		-50.23112		0.7053835

		20		37		0		4.42845		-49.78585		0.7159935

		20		38		0		4.427475		-49.30379		0.7420148

		20		39		2		4.4304		-49.73182		0.7234362

		20		40		1		4.43625		-50.00026		0.6142823

		20		41		3		4.42065		-49.59588		0.6994771

		30		0		0		4.41285		-49.892		0.6092632

		30		1		0		4.4109		-50.93732		0.6496818

		30		2		0		4.41285		-49.82826		0.6236625

		30		3		0		4.406025		-51.131		0.6487684

		30		4		0		4.40895		-50.39238		0.669364

		30		5		0		4.409925		-51.28768		0.7499038

		30		6		0		4.411875		-51.39584		0.7491344

		30		7		0		4.413825		-52.21344		0.6797831

		30		8		0		4.40505		-50.69969		0.687792

		30		9		0		4.409925		-51.507		0.7399221

		30		10		0		4.4109		-51.28979		0.7158676

		30		11		0		4.411875		-50.86821		0.7300682

		30		12		0		4.40505		-51.35715		0.7020342

		30		13		0		4.407975		-51.73833		0.7294756

		30		14		0		4.407975		-51.34494		0.7449052

		30		15		0		4.407		-51.76224		0.7656634

		30		16		0		4.411875		-51.72626		0.6867673

		30		17		0		4.41285		-51.56024		0.7516581

		30		18		0		4.413825		-51.43295		0.7337585

		30		19		0		4.40895		-51.42436		0.7259526

		30		20		0		4.407		-51.83413		0.7152498

		30		21		0		4.407		-51.44573		0.691971

		30		22		0		4.411875		-51.59857		0.7461595

		30		23		0		4.41285		-51.47105		0.7342369

		30		24		0		4.413825		-51.55882		0.7451693

		30		25		0		4.413825		-51.15873		0.7445654

		30		26		0		4.413825		-51.51434		0.7359831

		40		0		0		4.407		-52.24928		0.7465685

		40		1		0		4.40115		-50.62551		0.7418211

		40		2		0		4.3992		-50.70855		0.7518089

		40		3		0		4.407975		-51.936		0.7408449

		40		4		0		4.40895		-51.40493		0.7269171

		40		5		0		4.404075		-50.7817		0.7490998

		40		6		0		4.407975		-51.11372		0.7268959

		40		7		0		4.4031		-51.01191		0.6918637

		40		8		0		4.40115		-51.14443		0.764807

		40		9		0		4.40115		-51.78279		0.7440993

		40		10		0		4.406025		-51.40997		0.7316241

		40		11		0		4.4031		-51.26925		0.7500685

		40		12		0		4.407		-51.26038		0.7526891

		40		13		0		4.402125		-51.79542		0.757878

		40		14		0		4.40115		-51.47586		0.7699119

		40		15		0		4.402125		-51.72409		0.7584209

		40		16		0		4.40895		-51.43108		0.7635487

		40		17		0		4.406025		-51.15978		0.7776551

		40		18		0		4.402125		-51.56041		0.7854309

		40		19		0		4.40115		-51.62648		0.7923213

		40		20		0		4.4031		-51.669		0.7944652

		40		21		0		4.40505		-51.6474		0.7969069

		40		22		0		4.400175		-51.76184		0.7867798

		40		23		0		4.4031		-51.59442		0.7758769

		40		24		0		4.404075		-51.65276		0.7730341

		40		25		0		4.404075		-51.72816		0.7772474

		40		26		0		4.402125		-51.77228		0.7243738

		50		0		0		4.38945		-50.98815		0.6169275

		50		1		0		4.390425		-52.46515		0.5823956

		50		2		0		4.390425		-52.92402		0.6026636

		50		3		0		4.392375		-51.58221		0.6602519

		50		4		0		4.390425		-50.62922		0.6218123

		50		5		1		4.3914		-49.55259		0.6010708

		50		6		0		4.392375		-51.66615		0.5221249

		50		7		0		4.3992		-51.61641		0.6501911

		50		8		0		4.396275		-50.96195		0.6167314

		50		9		0		4.39725		-51.94092		0.6526287

		50		10		0		4.38945		-52.81372		0.6017804

		50		11		0		4.388475		-52.77531		0.6943128

		50		12		0		4.394325		-52.25905		0.6834735

		50		13		0		4.38945		-52.93574		0.7058309

		50		14		0		4.39725		-54.51825		0.6696656

		50		15		0		4.3953		-52.38153		0.709461

		50		16		0		4.390425		-53.2671		0.6908156

		50		17		0		4.39335		-53.33521		0.659314

		50		18		0		4.388475		-53.72124		0.7305784

		50		19		0		4.38945		-53.13474		0.7134203

		50		20		0		4.38945		-54.19806		0.723001

		50		21		0		4.3953		-54.75162		0.7080625

		50		22		0		4.388475		-55.09478		0.7445012

		50		23		0		4.3914		-55.05185		0.7431499

		50		24		0		4.390425		-54.09507		0.7136256

		50		25		0		4.394325		-54.01177		0.7440675

		50		26		0		4.3914		-54.57859		0.7282878

		50		27		0		4.3953		-54.45468		0.7539645

		60		0		0		4.3797		-52.47514		0.5773408

		60		1		0		4.378725		-51.3296		0.5476657

		60		2		0		4.3758		-50.64593		0.6381098

		60		3		3		4.37775		-50.31685		0.5773214

		60		4		0		4.376775		-51.9227		0.5907358

		60		5		1		4.380675		-51.45451		0.6051545

		60		6		1		4.378725		-51.11922		0.6646488

		60		7		1		4.376775		-51.33767		0.5546724

		60		8		0		4.376775		-52.39293		0.6623598

		60		9		0		4.374825		-52.11193		0.6221454

		60		10		0		4.3758		-52.29399		0.5555661

		60		11		1		4.378725		-52.36253		0.6495416

		60		12		0		4.3797		-50.89778		0.6933151

		60		13		2		4.378725		-51.99189		0.6330329

		60		14		0		4.380675		-53.21084		0.6571435

		60		15		0		4.3758		-51.32039		0.5893387

		60		16		1		4.37775		-50.6102		0.6549037

		60		17		0		4.38165		-52.30297		0.6770121

		60		18		3		4.37775		-52.41437		0.6979293

		60		19		0		4.382625		-52.21461		0.6581722

		60		20		1		4.380675		-53.22524		0.6987123

		60		21		1		4.378725		-51.91146		0.6430876

		60		22		0		4.37775		-52.90064		0.6847252

		60		23		0		4.37775		-53.38591		0.6649158

		60		24		0		4.3758		-53.87561		0.6895673

		60		25		0		4.382625		-54.27885		0.6650152

		60		26		0		4.38165		-52.54857		0.6671552

		60		27		0		4.3836		-54.11293		0.7143512

		60		28		1		4.3797		-53.4173		0.6993537

		60		29		0		4.384575		-53.52855		0.6716281

		70		0		1		4.382625		-48.52745		0.5942641

		70		1		0		4.376775		-48.93074		0.5927765

		70		2		1		4.3797		-48.57376		0.4558903

		70		3		0		4.38165		-48.4812		0.5950681

		70		4		0		4.382625		-48.82941		0.610727

		70		5		0		4.37775		-48.52949		0.4974945

		70		6		0		4.374825		-48.81758		0.5527331

		70		7		2		4.380675		-48.59285		0.5655027

		70		8		0		4.38165		-48.78413		0.5739194

		70		9		0		4.380675		-49.30688		0.6165296

		70		10		2		4.38165		-48.69956		0.6179318

		70		11		0		4.38165		-49.09781		0.6419104

		70		12		0		4.3797		-50.19622		0.6252355

		70		13		0		4.38165		-49.41993		0.6518357

		70		14		0		4.378725		-49.91909		0.6616462

		70		15		0		4.3797		-50.2019		0.6539065

		70		16		0		4.38165		-50.79401		0.6613367

		70		17		1		4.37775		-49.92048		0.6818393

		70		18		1		4.382625		-49.87521		0.7314709

		70		19		0		4.380675		-49.44086		0.6812456

		70		20		0		4.38165		-50.3045		0.6898641

		70		21		1		4.3797		-49.56411		0.7234266

		70		22		0		4.378725		-49.763		0.7205463

		70		23		0		4.37775		-51.23359		0.7394274

		70		24		0		4.378725		-50.84716		0.7444133

		70		25		1		4.374825		-50.47614		0.7445287

		70		26		1		4.374825		-50.971		0.7385021

		70		27		0		4.37775		-51.32059		0.6818939

		70		28		0		4.380675		-50.66285		0.7527581

		70		29		1		4.380675		-51.34698		0.7925344

		70		30		1		4.38165		-51.48063		0.7647547

		70		31		0		4.380675		-51.48175		0.7631146

		70		32		0		4.378725		-51.06905		0.7248717

		80		0		0		4.3797		-50.27208		0.7599974

		80		1		0		4.376775		-49.99898		0.7327656

		80		2		1		4.378725		-50.29445		0.7826253

		80		3		1		4.37775		-50.26303		0.7403635

		80		4		1		4.3758		-50.59316		0.7489237

		80		5		1		4.376775		-50.40273		0.6897381

		80		6		0		4.37775		-50.01642		0.7403033

		80		7		0		4.37775		-50.50237		0.7811145

		80		8		0		4.3797		-50.28744		0.7888275

		80		9		0		4.37775		-50.25402		0.7883337

		80		10		1		4.37775		-50.44972		0.7634197

		80		11		1		4.3797		-50.27332		0.7176245

		80		12		1		4.376775		-50.41938		0.7387852

		80		13		1		4.376775		-50.48391		0.7665124

		80		14		1		4.3797		-50.62012		0.7975543

		80		15		1		4.3758		-50.33435		0.7669913

		80		16		0		4.374825		-50.46004		0.7458356

		80		17		1		4.3719		-50.3509		0.7867029

		80		18		0		4.378725		-50.45228		0.7916034

		80		19		0		4.376775		-50.62511		0.765766

		80		20		1		4.380675		-50.49973		0.7959207

		80		21		2		4.378725		-50.4944		0.7974382

		80		22		0		4.376775		-50.48909		0.7433351

		80		23		0		4.378725		-50.49393		0.7848193

		80		24		0		4.3758		-50.71672		0.7705213

		80		25		0		4.37385		-50.28702		0.7701489

		80		26		0		4.37775		-50.49502		0.7955281

		80		27		0		4.378725		-50.68159		0.7859614

		80		28		0		4.378725		-50.49273		0.798516

		90		0		2		4.37385		-50.25859		0.7688069

		90		1		0		4.374825		-50.42679		0.7701501

		90		2		0		4.374825		-50.21806		0.7692055

		90		3		0		4.372875		-50.00486		0.7506324

		90		4		0		4.37775		-50.27842		0.7652338

		90		5		0		4.37385		-50.48517		0.7734175

		90		6		0		4.37775		-50.21396		0.767051

		90		7		0		4.37775		-50.47353		0.8117757

		90		8		0		4.372875		-50.48293		0.7855693

		90		9		0		4.374825		-50.61995		0.7764065

		90		10		0		4.374825		-50.40963		0.7746636

		90		11		0		4.37775		-50.64565		0.8032032

		90		12		0		4.378725		-50.42126		0.7632971

		90		13		0		4.374825		-50.71334		0.7533657

		90		14		0		4.374825		-50.50307		0.7597438

		90		15		0		4.372875		-50.45254		0.763712

		90		16		0		4.374825		-50.55067		0.803796

		90		17		0		4.372875		-50.45977		0.7717987

		90		18		0		4.374825		-50.5523		0.772621

		90		19		0		4.3758		-50.61324		0.7634389

		90		20		0		4.37385		-50.67575		0.7774372

		90		21		0		4.3797		-50.44793		0.7527785

		90		22		0		4.378725		-50.67789		0.8060387

		90		23		0		4.374825		-50.5713		0.7758734

		90		24		0		4.37775		-50.66241		0.7633339

		90		25		0		4.37385		-50.65343		0.7788667

		90		26		0		4.3758		-50.63498		0.7865666

		90		27		0		4.38165		-50.47231		0.7563195

		90		28		0		4.3758		-50.40047		0.7786294

		90		29		0		4.37775		-50.48894		0.7776193

		90		30		0		4.3758		-50.50363		0.7857231

		90		31		0		4.37775		-50.57761		0.7876062

		90		32		0		4.3758		-50.58301		0.7736478

		90		33		0		4.37385		-50.36388		0.7745932

		90		34		0		4.37775		-50.54982		0.7859512

		90		35		0		4.37385		-50.40084		0.7831513

		90		36		0		4.3797		-50.49365		0.7465354

		90		37		0		4.3758		-50.52604		0.8083991

		90		38		0		4.37775		-50.49288		0.7932406

		90		39		0		4.37775		-50.521		0.7849634

		90		40		0		4.3758		-50.52033		0.7971541

		90		41		0		4.374825		-50.54716		0.7668391

		90		42		0		4.3758		-50.47749		0.7907193

		90		43		0		4.3758		-50.47848		0.7822354

		90		44		0		4.374825		-50.57525		0.7815858

		90		45		0		4.3758		-50.59581		0.7841469

		90		46		0		4.378725		-50.46284		0.7986028

		90		47		0		4.37385		-50.44347		0.7791199

		90		48		0		4.378725		-50.57485		0.7814237

		90		49		0		4.37385		-50.56139		0.7677866

		90		50		0		4.378725		-50.51657		0.7994763

		90		51		0		4.3758		-50.56207		0.7863394
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Sheet1

		Degrees		Range		TargetStrength		Correlation				Range		TargetStrength		Correlation

		0		4.4504215116		-47.4657986047		0.7859450977						0.1148667067		0.1812565849

		10		4.4406375		-50.8848285294		0.6735193941						0.0428352646		0.0382113469

		20		4.42845		-50.3408238095		0.7565760429						0.0542962478		0.1438887651

		30		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		40		4.4038222222		-51.4554592593		0.7575169926						0.0308133299		0.1450859858

		50		4.3922008929		-52.9180385714		0.6730039393						0		0.0375555062

		60		4.3789525		-52.2637036667		0.6434873733						0.0137853976		0

		70		4.3797295455		-49.8624215152		0.6619363576						0.0643751321		0.0234736298

		80		4.3774810345		-50.4139324138		0.7667578241						0.0527560102		0.1568435902

		90		4.3759875		-50.4961001923		0.7780883173						0.0510249158		0.1712599829

		Degrees		Range		TargetStrength		Correlation

		0		0.0029813237		0.5524893377		0.03203738

		10		0.0028627853		0.7101256091		0.0331851346

		20		0.0028730136		0.4058561527		0.0352834334

		30		0.0027918781		0.3864131998		0.0250692082

		40		0.0027918781		0.3864131998		0.0250692082

		50		0.0030609131		1.4480637133		0.0592252256

		60		0.0025176562		1.0603342896		0.0479102164

		70		0.0022404437		1.0165239939		0.0810865484

		80		0.0019130269		0.1705139963		0.0272329011

		90		0.0020708854		0.1304505357		0.0152602303

		One Inch Styro, Average Correlation

		Range		TargetStrength		Correlation

		4.5217098837		-50.34573		0.6490403837

		Degrees		TS high		TS low		TS

		0		-46.9133092669		-48.0182879424		-47.4657986047

		10		-50.1747029203		-51.5949541385		-50.8848285294

		20		-49.9349676568		-50.7466799622		-50.3408238095

		30		-51.0690460595		-51.8418724591		-51.4554592593

		40		-51.0690460595		-51.8418724591		-51.4554592593

		50		-51.4699748581		-54.3661022847		-52.9180385714

		60		-51.2033693771		-53.3240379562		-52.2637036667

		70		-48.8458975212		-50.8789455091		-49.8624215152

		80		-50.2434184175		-50.5844464101		-50.4139324138

		90		-50.3656496566		-50.626550728		-50.4961001923

		Degrees		Corr Lo		Corr Hi		Corr

		0		0.7539077177		0.8179824776		0.7859450977

		10		0.6403342596		0.7067045287		0.6735193941

		20		0.7212926094		0.7918594763		0.7565760429

		30		0.7324477844		0.7825862008		0.7575169926

		40		0.7324477844		0.7825862008		0.7575169926

		50		0.6137787136		0.7322291649		0.6730039393

		60		0.5955771569		0.6913975898		0.6434873733

		70		0.5808498092		0.743022906		0.6619363576

		80		0.7395249231		0.7939907252		0.7667578241

		90		0.7628280871		0.7933485476		0.7780883173
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		Degrees		PingNumber		EchoNumber		Range		TargetStrength		Correlation

		0		0		0		4.4499		-46.78091		0.8270029

		0		1		2		4.446		-47.74739		0.7404602

		0		2		0		4.4499		-47.98199		0.7371474

		0		3		1		4.446		-47.91401		0.7449071

		0		4		2		4.45185		-48.04411		0.7794626

		0		5		0		4.450875		-48.05553		0.8133168

		0		6		2		4.4499		-48.15321		0.754023

		0		7		1		4.454775		-48.5797		0.769688

		0		8		0		4.45185		-47.34925		0.7889333

		0		9		0		4.4499		-47.72233		0.8044964

		0		10		0		4.4499		-46.67687		0.7615052

		0		11		1		4.44795		-47.89889		0.7982767

		0		12		0		4.448925		-47.78523		0.7194601

		0		13		1		4.450875		-46.6463		0.8134432

		0		14		0		4.4499		-47.24836		0.8202833

		0		15		2		4.446		-47.80069		0.7542124

		0		16		0		4.44795		-48.18113		0.7942246

		0		17		1		4.448925		-47.80547		0.8197955

		0		18		0		4.45185		-47.24419		0.8184817

		0		19		0		4.45575		-46.74025		0.8105518

		0		20		0		4.450875		-46.96841		0.7697092

		0		21		0		4.4499		-46.86965		0.7854064

		0		22		0		4.448925		-47.29441		0.8053451

		0		23		0		4.45185		-46.92846		0.8040516

		0		24		0		4.44795		-48.17909		0.8095273

		0		25		0		4.445025		-47.72337		0.7612702

		0		26		0		4.448925		-47.16825		0.7582241

		0		27		0		4.4499		-47.01528		0.7437077

		0		28		0		4.446		-47.44497		0.7785977

		0		29		0		4.454775		-47.06505		0.7796464

		0		30		0		4.45185		-47.07107		0.8258575

		0		31		0		4.450875		-47.17906		0.7774439

		0		32		0		4.44795		-47.46475		0.8301265

		0		33		0		4.446975		-48.4497		0.7741815

		0		34		0		4.4538		-47.06563		0.8388292

		0		35		0		4.458675		-46.53349		0.7696379

		0		36		0		4.456725		-46.74921		0.7952697

		0		37		0		4.452825		-46.62519		0.8231093

		0		38		0		4.45185		-47.47396		0.8139207

		0		39		0		4.44795		-48.16307		0.7810957

		0		40		0		4.450875		-47.97639		0.7933864

		0		41		0		4.452825		-47.33477		0.8080255

		0		42		0		4.45185		-47.9303		0.6995975

		10		0		0		4.437225		-51.17099		0.7094984

		10		1		0		4.4382		-51.53979		0.7042011

		10		2		0		4.443075		-51.88376		0.6798549

		10		3		0		4.441125		-50.71677		0.6626183

		10		4		0		4.439175		-50.83701		0.7011086

		10		5		1		4.437225		-50.10766		0.6460624

		10		6		1		4.441125		-49.95718		0.6805343

		10		7		1		4.4421		-49.73362		0.6281883

		10		8		0		4.445025		-50.6291		0.6300732

		10		9		0		4.443075		-51.23554		0.6839147

		10		10		0		4.44015		-50.78588		0.6942118

		10		11		0		4.4382		-51.61491		0.6606589

		10		12		0		4.43625		-50.16849		0.6523347

		10		13		0		4.4343		-51.21655		0.607143

		10		14		0		4.435275		-50.63363		0.6161342

		10		15		2		4.44015		-49.58509		0.6392871

		10		16		0		4.44015		-50.5554		0.6403483

		10		17		0		4.4382		-49.14055		0.6800572

		10		18		0		4.44405		-50.36983		0.6189615

		10		19		0		4.445025		-50.44485		0.6597952

		10		20		1		4.443075		-50.54647		0.6386818

		10		21		0		4.441125		-51.38588		0.674856

		10		22		0		4.441125		-50.99023		0.6786661

		10		23		0		4.445025		-50.5534		0.7147992

		10		24		0		4.445025		-51.51081		0.7145122

		10		25		1		4.443075		-52.07375		0.6961796

		10		26		0		4.439175		-51.74369		0.6635978

		10		27		0		4.44015		-51.946		0.7158065

		10		28		0		4.44405		-50.72544		0.7195001

		10		29		1		4.439175		-51.13491		0.7072908

		10		30		1		4.4421		-51.53433		0.699797

		10		31		0		4.439175		-51.541		0.727082

		10		32		2		4.441125		-51.51223		0.6658527

		10		33		1		4.439175		-50.55943		0.6880515

		20		0		0		4.4304		-50.84387		0.764554

		20		1		0		4.429425		-50.54442		0.7955555

		20		2		1		4.427475		-50.54163		0.7695489

		20		3		2		4.43235		-50.50816		0.7895384

		20		4		0		4.427475		-50.91779		0.7912866

		20		5		0		4.427475		-50.78764		0.7765362

		20		6		0		4.429425		-50.44826		0.793353

		20		7		0		4.4265		-50.77356		0.7639312

		20		8		0		4.4304		-51.07838		0.7768821

		20		9		0		4.427475		-50.47674		0.8136861

		20		10		2		4.42845		-50.32927		0.7997487

		20		11		1		4.42845		-49.94889		0.7545933

		20		12		0		4.425525		-50.82105		0.7503302

		20		13		0		4.4265		-50.50026		0.784759

		20		14		0		4.4304		-50.99485		0.7815761

		20		15		0		4.4304		-50.40472		0.7815731

		20		16		0		4.42845		-50.26103		0.7281828

		20		17		0		4.425525		-51.14333		0.778025

		20		18		0		4.4304		-50.33482		0.7880213

		20		19		0		4.431375		-50.26448		0.7571948

		20		20		0		4.431375		-50.56007		0.7633512

		20		21		0		4.4304		-49.999		0.7549908

		20		22		0		4.425525		-50.02817		0.7231573

		20		23		0		4.429425		-50.16811		0.7695236

		20		24		0		4.42455		-50.38498		0.7556562

		20		25		0		4.42455		-50.66088		0.7563204

		20		26		0		4.427475		-50.2326		0.7878355

		20		27		0		4.4304		-50.20802		0.7662066

		20		28		2		4.43235		-49.82066		0.7292387

		20		29		1		4.42845		-50.35311		0.7550478

		20		30		0		4.4304		-50.35921		0.754575

		20		31		0		4.42845		-50.38136		0.7308403

		20		32		1		4.429425		-50.29314		0.7615474

		20		33		2		4.42845		-50.43081		0.7648583

		20		34		1		4.423575		-50.17317		0.7550973

		20		35		3		4.4226		-49.68944		0.7084837

		20		36		2		4.4304		-50.23112		0.7053835

		20		37		0		4.42845		-49.78585		0.7159935

		20		38		0		4.427475		-49.30379		0.7420148

		20		39		2		4.4304		-49.73182		0.7234362

		20		40		1		4.43625		-50.00026		0.6142823

		20		41		3		4.42065		-49.59588		0.6994771

		30		0		0		4.41285		-49.892		0.6092632

		30		1		0		4.4109		-50.93732		0.6496818

		30		2		0		4.41285		-49.82826		0.6236625

		30		3		0		4.406025		-51.131		0.6487684

		30		4		0		4.40895		-50.39238		0.669364

		30		5		0		4.409925		-51.28768		0.7499038

		30		6		0		4.411875		-51.39584		0.7491344

		30		7		0		4.413825		-52.21344		0.6797831

		30		8		0		4.40505		-50.69969		0.687792

		30		9		0		4.409925		-51.507		0.7399221

		30		10		0		4.4109		-51.28979		0.7158676

		30		11		0		4.411875		-50.86821		0.7300682

		30		12		0		4.40505		-51.35715		0.7020342

		30		13		0		4.407975		-51.73833		0.7294756

		30		14		0		4.407975		-51.34494		0.7449052

		30		15		0		4.407		-51.76224		0.7656634

		30		16		0		4.411875		-51.72626		0.6867673

		30		17		0		4.41285		-51.56024		0.7516581

		30		18		0		4.413825		-51.43295		0.7337585

		30		19		0		4.40895		-51.42436		0.7259526

		30		20		0		4.407		-51.83413		0.7152498

		30		21		0		4.407		-51.44573		0.691971

		30		22		0		4.411875		-51.59857		0.7461595

		30		23		0		4.41285		-51.47105		0.7342369

		30		24		0		4.413825		-51.55882		0.7451693

		30		25		0		4.413825		-51.15873		0.7445654

		30		26		0		4.413825		-51.51434		0.7359831

		40		0		0		4.407		-52.24928		0.7465685

		40		1		0		4.40115		-50.62551		0.7418211

		40		2		0		4.3992		-50.70855		0.7518089

		40		3		0		4.407975		-51.936		0.7408449

		40		4		0		4.40895		-51.40493		0.7269171

		40		5		0		4.404075		-50.7817		0.7490998

		40		6		0		4.407975		-51.11372		0.7268959

		40		7		0		4.4031		-51.01191		0.6918637

		40		8		0		4.40115		-51.14443		0.764807

		40		9		0		4.40115		-51.78279		0.7440993

		40		10		0		4.406025		-51.40997		0.7316241

		40		11		0		4.4031		-51.26925		0.7500685

		40		12		0		4.407		-51.26038		0.7526891

		40		13		0		4.402125		-51.79542		0.757878

		40		14		0		4.40115		-51.47586		0.7699119

		40		15		0		4.402125		-51.72409		0.7584209

		40		16		0		4.40895		-51.43108		0.7635487

		40		17		0		4.406025		-51.15978		0.7776551

		40		18		0		4.402125		-51.56041		0.7854309

		40		19		0		4.40115		-51.62648		0.7923213

		40		20		0		4.4031		-51.669		0.7944652

		40		21		0		4.40505		-51.6474		0.7969069

		40		22		0		4.400175		-51.76184		0.7867798

		40		23		0		4.4031		-51.59442		0.7758769

		40		24		0		4.404075		-51.65276		0.7730341

		40		25		0		4.404075		-51.72816		0.7772474

		40		26		0		4.402125		-51.77228		0.7243738

		50		0		0		4.38945		-50.98815		0.6169275

		50		1		0		4.390425		-52.46515		0.5823956

		50		2		0		4.390425		-52.92402		0.6026636

		50		3		0		4.392375		-51.58221		0.6602519

		50		4		0		4.390425		-50.62922		0.6218123

		50		5		1		4.3914		-49.55259		0.6010708

		50		6		0		4.392375		-51.66615		0.5221249

		50		7		0		4.3992		-51.61641		0.6501911

		50		8		0		4.396275		-50.96195		0.6167314

		50		9		0		4.39725		-51.94092		0.6526287

		50		10		0		4.38945		-52.81372		0.6017804

		50		11		0		4.388475		-52.77531		0.6943128

		50		12		0		4.394325		-52.25905		0.6834735

		50		13		0		4.38945		-52.93574		0.7058309

		50		14		0		4.39725		-54.51825		0.6696656

		50		15		0		4.3953		-52.38153		0.709461

		50		16		0		4.390425		-53.2671		0.6908156

		50		17		0		4.39335		-53.33521		0.659314

		50		18		0		4.388475		-53.72124		0.7305784

		50		19		0		4.38945		-53.13474		0.7134203

		50		20		0		4.38945		-54.19806		0.723001

		50		21		0		4.3953		-54.75162		0.7080625

		50		22		0		4.388475		-55.09478		0.7445012

		50		23		0		4.3914		-55.05185		0.7431499

		50		24		0		4.390425		-54.09507		0.7136256

		50		25		0		4.394325		-54.01177		0.7440675

		50		26		0		4.3914		-54.57859		0.7282878

		50		27		0		4.3953		-54.45468		0.7539645

		60		0		0		4.3797		-52.47514		0.5773408

		60		1		0		4.378725		-51.3296		0.5476657

		60		2		0		4.3758		-50.64593		0.6381098

		60		3		3		4.37775		-50.31685		0.5773214

		60		4		0		4.376775		-51.9227		0.5907358

		60		5		1		4.380675		-51.45451		0.6051545

		60		6		1		4.378725		-51.11922		0.6646488

		60		7		1		4.376775		-51.33767		0.5546724

		60		8		0		4.376775		-52.39293		0.6623598

		60		9		0		4.374825		-52.11193		0.6221454

		60		10		0		4.3758		-52.29399		0.5555661

		60		11		1		4.378725		-52.36253		0.6495416

		60		12		0		4.3797		-50.89778		0.6933151

		60		13		2		4.378725		-51.99189		0.6330329

		60		14		0		4.380675		-53.21084		0.6571435

		60		15		0		4.3758		-51.32039		0.5893387

		60		16		1		4.37775		-50.6102		0.6549037

		60		17		0		4.38165		-52.30297		0.6770121

		60		18		3		4.37775		-52.41437		0.6979293

		60		19		0		4.382625		-52.21461		0.6581722

		60		20		1		4.380675		-53.22524		0.6987123

		60		21		1		4.378725		-51.91146		0.6430876

		60		22		0		4.37775		-52.90064		0.6847252

		60		23		0		4.37775		-53.38591		0.6649158

		60		24		0		4.3758		-53.87561		0.6895673

		60		25		0		4.382625		-54.27885		0.6650152

		60		26		0		4.38165		-52.54857		0.6671552

		60		27		0		4.3836		-54.11293		0.7143512

		60		28		1		4.3797		-53.4173		0.6993537

		60		29		0		4.384575		-53.52855		0.6716281

		70		0		1		4.382625		-48.52745		0.5942641

		70		1		0		4.376775		-48.93074		0.5927765

		70		2		1		4.3797		-48.57376		0.4558903

		70		3		0		4.38165		-48.4812		0.5950681

		70		4		0		4.382625		-48.82941		0.610727

		70		5		0		4.37775		-48.52949		0.4974945

		70		6		0		4.374825		-48.81758		0.5527331

		70		7		2		4.380675		-48.59285		0.5655027

		70		8		0		4.38165		-48.78413		0.5739194

		70		9		0		4.380675		-49.30688		0.6165296

		70		10		2		4.38165		-48.69956		0.6179318

		70		11		0		4.38165		-49.09781		0.6419104

		70		12		0		4.3797		-50.19622		0.6252355

		70		13		0		4.38165		-49.41993		0.6518357

		70		14		0		4.378725		-49.91909		0.6616462

		70		15		0		4.3797		-50.2019		0.6539065

		70		16		0		4.38165		-50.79401		0.6613367

		70		17		1		4.37775		-49.92048		0.6818393

		70		18		1		4.382625		-49.87521		0.7314709

		70		19		0		4.380675		-49.44086		0.6812456

		70		20		0		4.38165		-50.3045		0.6898641

		70		21		1		4.3797		-49.56411		0.7234266

		70		22		0		4.378725		-49.763		0.7205463

		70		23		0		4.37775		-51.23359		0.7394274

		70		24		0		4.378725		-50.84716		0.7444133

		70		25		1		4.374825		-50.47614		0.7445287

		70		26		1		4.374825		-50.971		0.7385021

		70		27		0		4.37775		-51.32059		0.6818939

		70		28		0		4.380675		-50.66285		0.7527581

		70		29		1		4.380675		-51.34698		0.7925344

		70		30		1		4.38165		-51.48063		0.7647547

		70		31		0		4.380675		-51.48175		0.7631146

		70		32		0		4.378725		-51.06905		0.7248717

		80		0		0		4.3797		-50.27208		0.7599974

		80		1		0		4.376775		-49.99898		0.7327656

		80		2		1		4.378725		-50.29445		0.7826253

		80		3		1		4.37775		-50.26303		0.7403635

		80		4		1		4.3758		-50.59316		0.7489237

		80		5		1		4.376775		-50.40273		0.6897381

		80		6		0		4.37775		-50.01642		0.7403033

		80		7		0		4.37775		-50.50237		0.7811145

		80		8		0		4.3797		-50.28744		0.7888275

		80		9		0		4.37775		-50.25402		0.7883337

		80		10		1		4.37775		-50.44972		0.7634197

		80		11		1		4.3797		-50.27332		0.7176245

		80		12		1		4.376775		-50.41938		0.7387852

		80		13		1		4.376775		-50.48391		0.7665124

		80		14		1		4.3797		-50.62012		0.7975543

		80		15		1		4.3758		-50.33435		0.7669913

		80		16		0		4.374825		-50.46004		0.7458356

		80		17		1		4.3719		-50.3509		0.7867029

		80		18		0		4.378725		-50.45228		0.7916034

		80		19		0		4.376775		-50.62511		0.765766

		80		20		1		4.380675		-50.49973		0.7959207

		80		21		2		4.378725		-50.4944		0.7974382

		80		22		0		4.376775		-50.48909		0.7433351

		80		23		0		4.378725		-50.49393		0.7848193

		80		24		0		4.3758		-50.71672		0.7705213

		80		25		0		4.37385		-50.28702		0.7701489

		80		26		0		4.37775		-50.49502		0.7955281

		80		27		0		4.378725		-50.68159		0.7859614

		80		28		0		4.378725		-50.49273		0.798516

		90		0		2		4.37385		-50.25859		0.7688069

		90		1		0		4.374825		-50.42679		0.7701501

		90		2		0		4.374825		-50.21806		0.7692055

		90		3		0		4.372875		-50.00486		0.7506324

		90		4		0		4.37775		-50.27842		0.7652338

		90		5		0		4.37385		-50.48517		0.7734175

		90		6		0		4.37775		-50.21396		0.767051

		90		7		0		4.37775		-50.47353		0.8117757

		90		8		0		4.372875		-50.48293		0.7855693

		90		9		0		4.374825		-50.61995		0.7764065

		90		10		0		4.374825		-50.40963		0.7746636

		90		11		0		4.37775		-50.64565		0.8032032

		90		12		0		4.378725		-50.42126		0.7632971

		90		13		0		4.374825		-50.71334		0.7533657

		90		14		0		4.374825		-50.50307		0.7597438

		90		15		0		4.372875		-50.45254		0.763712

		90		16		0		4.374825		-50.55067		0.803796

		90		17		0		4.372875		-50.45977		0.7717987

		90		18		0		4.374825		-50.5523		0.772621

		90		19		0		4.3758		-50.61324		0.7634389

		90		20		0		4.37385		-50.67575		0.7774372

		90		21		0		4.3797		-50.44793		0.7527785

		90		22		0		4.378725		-50.67789		0.8060387

		90		23		0		4.374825		-50.5713		0.7758734

		90		24		0		4.37775		-50.66241		0.7633339

		90		25		0		4.37385		-50.65343		0.7788667

		90		26		0		4.3758		-50.63498		0.7865666

		90		27		0		4.38165		-50.47231		0.7563195

		90		28		0		4.3758		-50.40047		0.7786294

		90		29		0		4.37775		-50.48894		0.7776193

		90		30		0		4.3758		-50.50363		0.7857231

		90		31		0		4.37775		-50.57761		0.7876062

		90		32		0		4.3758		-50.58301		0.7736478

		90		33		0		4.37385		-50.36388		0.7745932

		90		34		0		4.37775		-50.54982		0.7859512

		90		35		0		4.37385		-50.40084		0.7831513

		90		36		0		4.3797		-50.49365		0.7465354

		90		37		0		4.3758		-50.52604		0.8083991

		90		38		0		4.37775		-50.49288		0.7932406

		90		39		0		4.37775		-50.521		0.7849634

		90		40		0		4.3758		-50.52033		0.7971541

		90		41		0		4.374825		-50.54716		0.7668391

		90		42		0		4.3758		-50.47749		0.7907193

		90		43		0		4.3758		-50.47848		0.7822354

		90		44		0		4.374825		-50.57525		0.7815858

		90		45		0		4.3758		-50.59581		0.7841469

		90		46		0		4.378725		-50.46284		0.7986028

		90		47		0		4.37385		-50.44347		0.7791199

		90		48		0		4.378725		-50.57485		0.7814237

		90		49		0		4.37385		-50.56139		0.7677866

		90		50		0		4.378725		-50.51657		0.7994763

		90		51		0		4.3758		-50.56207		0.7863394
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Sheet1

		d		25		25		25		25		25		25		25		25		25		25

		gamma		0		5		10		15		20		25		30		35		40		45

		theta		10		10		10		10		10		10		10		10		10		10

		gamma rad		0		0.0872664626		0.1745329252		0.2617993878		0.3490658504		0.436332313		0.5235987756		0.6108652382		0.6981317008		0.7853981634

		theta rad		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252		0.1745329252

		w2		4.3744331763		4.4081745177		4.5115132226		4.6910813389		4.9589616431		5.3345008731		5.8474970014		6.5437340497		7.4948115448		8.8163490354

		w1		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177		4.4081745177

		x2		2.1872165881		4.4081745177		6.6987298108		9.0992558567		11.6576914539		14.4337567297		17.5051884552		20.9774907794		25		29.7938398149

		x1		-2.1872165881		0		2.1872165881		4.4081745177		6.6987298108		9.0992558567		11.6576914539		14.4337567297		17.5051884552		20.9774907794

		Gamma		0		5		10		15		20		25		30		35		40		45

		DS @ 10 m		1.7497732705		1.7632698071		1.8046052891		1.8764325356		1.9835846572		2.1338003492		2.3389988005		2.6174936199		2.9979246179		3.5265396142

		AS @ 15 m		2.6246599058		2.6449047106		2.7069079336		2.8146488034		2.9753769859		3.2007005239		3.5084982008		3.9262404298		4.4968869269		5.2898094213

		DS @ 20 m		3.499546541		3.5265396142		3.6092105781		3.7528650712		3.9671693145		4.2676006985		4.6779976011		5.2349872398		5.9958492358		7.0530792283

		AS @ 25 m		4.3744331763		4.4081745177		4.5115132226		4.6910813389		4.9589616431		5.3345008731		5.8474970014		6.5437340497		7.4948115448		8.8163490354

		Gamma		0		5		10		15		20		25		30		35		40		45

		Path Length As a Multiple of Perpindicular Beam		1		1.0077133059		1.031336642		1.0723861012		1.133623819		1.2194724798		1.3367439313		1.4959044489		1.7133217591		2.0154266119

		AS @ 15 m		1		1.0077133059		1.031336642		1.0723861012		1.133623819		1.2194724798		1.3367439313		1.4959044489		1.7133217591		2.0154266119

		DS @ 20 m		1		1.0077133059		1.031336642		1.0723861012		1.133623819		1.2194724798		1.3367439313		1.4959044489		1.7133217591		2.0154266119

		AS @ 25 m		1		1.0077133059		1.031336642		1.0723861012		1.133623819		1.2194724798		1.3367439313		1.4959044489		1.7133217591		2.0154266119
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Sheet1

		D		lambda		theta		alpha		samples/cycle		cycles				theta solved		range		separation

		0.3		0.01		1		3.289701111		3.3333333333		0.5235721931		1.7223960254		0.6366328723		10		0.1111133975

		0.5		0.01		1		5.4828351851		6.6666666667		0.8726203219		4.7844334039		0.3819746929		10		0.0666671605

		theta-L		lamdba		D		alpha

		0.0111113397		0.01		0.3		2.0943951024

		range (m)		c (m/sec)		rt time (sec)				pings/sec

		100		1500		0.1333333333				7.5

		75		1500						10

		Data Rate

				samp/sec		bytes/sample		#beams		Data Rate		Mbps

				500000		2		4		4,000,000.00		40,000,000.00

		Processing Speed

				2 N Log N		N per ping per beam		pings/sec		# beams		# flops

						66,666.67

				2,097,152.00		65536		8		4		67,108,864.00

				16





Sheet2

		range (m)		c (m/sec)		rt time (sec)				pings/sec

		100		1500		0.1333333333				7.5

		90		1500		0.12				8.3333333333

		80		1500		0.1066666667				9.375

		70		1500		0.0933333333				10.7142857143

		60		1500		0.08				12.5

		50		1500		0.0666666667				15

		40		1500		0.0533333333				18.75

		30		1500		0.04				25

		20		1500		0.0266666667				37.5

		10		1500		0.0133333333				75
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Chart1

		100		100

		101.5151515152		101.5151515152

		103.0303030303		103.0303030303

		104.5454545455		104.5454545455

		106.0606060606		106.0606060606

		107.5757575758		107.5757575758

		109.0909090909		109.0909090909

		110.6060606061		110.6060606061

		112.1212121212		112.1212121212

		113.6363636364		113.6363636364

		115.1515151515		115.1515151515

		116.6666666667		116.6666666667

		118.1818181818		118.1818181818

		119.696969697		119.696969697

		121.2121212121		121.2121212121

		122.7272727273		122.7272727273

		124.2424242424		124.2424242424

		125.7575757576		125.7575757576

		127.2727272727		127.2727272727

		128.7878787879		128.7878787879

		130.303030303		130.303030303

		131.8181818182		131.8181818182

		133.3333333333		133.3333333333

		134.8484848485		134.8484848485

		136.3636363636		136.3636363636

		137.8787878788		137.8787878788

		139.3939393939		139.3939393939

		140.9090909091		140.9090909091

		142.4242424242		142.4242424242

		143.9393939394		143.9393939394

		145.4545454545		145.4545454545

		146.9696969697		146.9696969697

		148.4848484848		148.4848484848

		150		150

		151.5151515152		151.5151515152

		153.0303030303		153.0303030303

		154.5454545455		154.5454545455

		156.0606060606		156.0606060606

		157.5757575758		157.5757575758

		159.0909090909		159.0909090909

		160.6060606061		160.6060606061

		162.1212121212		162.1212121212

		163.6363636364		163.6363636364

		165.1515151515		165.1515151515

		166.6666666667		166.6666666667

		168.1818181818		168.1818181818

		169.696969697		169.696969697

		171.2121212121		171.2121212121

		172.7272727273		172.7272727273

		174.2424242424		174.2424242424

		175.7575757576		175.7575757576

		177.2727272727		177.2727272727

		178.7878787879		178.7878787879

		180.303030303		180.303030303

		181.8181818182		181.8181818182

		183.3333333333		183.3333333333

		184.8484848485		184.8484848485

		186.3636363636		186.3636363636

		187.8787878788		187.8787878788

		189.3939393939		189.3939393939

		190.9090909091		190.9090909091

		192.4242424242		192.4242424242

		193.9393939394		193.9393939394

		195.4545454545		195.4545454545

		196.9696969697		196.9696969697

		198.4848484848		198.4848484848

		200		200



Chinook

Sockeye

0.00090567

0.0009064328

0.0007070673

0.0006155173

0.0005897698

0.0004101585

0.0012444029

0.0014917521

0.0020960798

0.0026456891

0.0015591515

0.0021099858

0.004611559

0.006028364

0.0112775384

0.0134412066

0.0123497151

0.0150982679

0.0146394581

0.021732103

0.0190979457

0.0251706119

0.031252434

0.0424004159

0.0570891618

0.0656179648

0.0636589754

0.065687814

0.0293988275

0.0406003391

0.0970084017

0.088423358

0.1394532634

0.1385414247

0.0406240517

0.0521585278

0.1089177472

0.0990424197

0.2007674655

0.1726723018

0.5865868096

0.5527532487

0.2095068827

0.1902788478

0.05688819

0.0587139766

0.1586450225

0.1315066018

0.2059993643

0.1631877756

0.323047309

0.2533571156

0.461094901

0.4167107039

0.3324712826

0.2301795912

0.4331794224

0.3744393786

0.1645312756

0.161565132

0.3884226101

0.3399174906

0.0794710507

0.0769096149

0.0689647928

0.0747435654

0.2904689022

0.3968685846

0.1625175673

0.2412988218

0.157999692

0.1500304024

0.0869302582

0.0790684387

0.2076262542

0.247921701

0.1044235562

0.123947689

0.0447806527

0.0484750447

0.0997547715

0.1021130067

0.1910225942

0.2017256406

0.0826605926

0.0743984442

0.1835949844

0.2114040336

0.1186987812

0.0924646554

0.1458434628

0.1505073234

0.0561559137

0.0509006571

0.0475003881

0.0499630994

0.0189890647

0.0144119775

0.0193836402

0.0170129498

0.0856080219

0.1085706561

0.0634896271

0.0712805563

0.0218205763

0.0219680621

0.0084717211

0.0071364737

0.0114816514

0.0137449344

0.0209170794

0.024220692

0.007526301

0.0080904764

0.0073872932

0.0087697826

0.0104687315

0.0131338522

0.0076992653

0.0060277844

0.0051822248

0.0036909029

0.0039668101

0.002046513

0.0035463123

0.0022735478

0.0030206068

0.0018159831

0.0099588795

0.0026506711

0.017438901

0.0035022937

0.0113371277

0.0033514785



Sheet1

		PingSeriesID		PingNumber		EchoNumber		Range		TargetStrength		Target		100.0		101.5		103.0		104.5		106.1		107.6		109.1		110.6		112.1		113.6		115.2		116.7		118.2		119.7		121.2		122.7		124.2		125.8		127.3		128.8		130.3		131.8		133.3		134.8		136.4		137.9		139.4		140.9		142.4		143.9		145.5		147.0		148.5		150.0		151.5		153.0		154.5		156.1		157.6		159.1		160.6		162.1		163.6		165.2		166.7		168.2		169.7		171.2		172.7		174.2		175.8		177.3		178.8		180.3		181.8		183.3		184.8		186.4		187.9		189.4		190.9		192.4		193.9		195.5		197.0		198.5		200.0

												Fish 01 (Chinook)		0.0003105196		0.0002653519		0.0001212593		0.0005692228		0.0010574179		0.000655084		0.0031751879		0.007189022		0.0063362153		0.0079165156		0.0084391197		0.0182367655		0.0413199208		0.0477697579		0.0157373097		0.0533378554		0.084026308		0.0161694613		0.0523382205		0.0986844508		0.4361049179		0.1482274625		0.0231406005		0.125061848		0.1596414526		0.214053861		0.3129847574		0.1996877686		0.352865015		0.1208707167		0.3042185491		0.0303406058		0.0367140395		0.7465020378		0.4446624586		0.1481648952		0.0426877533		0.3129871486		0.1180136687		0.0276283305		0.0789741902		0.2429947665		0.0594831596		0.2758249112		0.0661537683		0.1852544076		0.0558525889		0.05373832		0.0079566646		0.0124159081		0.1183184391		0.0726967957		0.0188404563		0.0049614831		0.0128754088		0.0213574304		0.0054744476		0.0079172527		0.0130034692		0.0047343716		0.0026833162		0.0012680748		0.0013111623		0.001184745		0.001212206		0.0002938739		0.000208857

												Fish 02 (Sockeye)		0.0003569695		0.000273883		0.0001368517		0.0006537782		0.0012489699		0.0008062605		0.0028469924		0.006096114		0.0052716273		0.0053038162		0.0047510095		0.010316365		0.0206459305		0.0226313739		0.0110194576		0.0290948989		0.053490551		0.0126347175		0.0331347377		0.0548372303		0.26785838		0.0843408935		0.0158579048		0.0685041506		0.097664223		0.1573700872		0.2310779085		0.1326547605		0.2822637737		0.1094614865		0.2744131961		0.0362673992		0.0398703761		0.741821918		0.4135281488		0.1770703072		0.043454958		0.3561695813		0.1453802451		0.0369074731		0.0993630532		0.3543098806		0.0785899513		0.4183254485		0.0753417897		0.2847862134		0.0884197454		0.1083644483		0.0119796629		0.022555142		0.2620562654		0.1527112732		0.0387905486		0.0103089366		0.0317723513		0.0621377518		0.0155991446		0.0227610209		0.0370637019		0.0115425935		0.0067110076		0.0032463262		0.0034962628		0.0030028703		0.0031303534		0.0008056663		0.0003356786

												Fish 03 (Chinook)		0.0003133024		0.000327679		0.0001826006		0.0003727512		0.0007392034		0.0004104026		0.002390521		0.004955093		0.0037825665		0.0047678789		0.0039504464		0.0111433533		0.0266276144		0.0303682334		0.0115692864		0.0377745617		0.0701887797		0.0117470247		0.0427446153		0.0650173805		0.330945697		0.1016494734		0.0151062235		0.072278962		0.1084198329		0.1289647848		0.2237553527		0.1015725721		0.2267384096		0.0767182914		0.1944699845		0.0295113511		0.0307486225		0.908092481		0.5130246155		0.0904387319		0.0326697685		0.1500067522		0.0575879782		0.0165561373		0.0347845434		0.1113179505		0.0285941962		0.1372320544		0.0357272815		0.0916748632		0.0255457926		0.0286470857		0.0049975979		0.0063229154		0.0528956246		0.0344946355		0.0094300747		0.0025878023		0.0057775338		0.0101476917		0.0028708231		0.0031358064		0.0047619597		0.0017872963		0.001206537		0.0006710183		0.0006869189		0.000494534		0.0005173787		0.0002127526		0.0001235385

												Fish 04 (Chinook)		8.89E-04		8.71E-04		7.34E-04		1.13E-03		1.94E-03		1.66E-03		4.23E-03		9.38E-03		1.01E-02		1.35E-02		1.90E-02		2.95E-02		4.76E-02		5.55E-02		3.05E-02		8.55E-02		1.30E-01		4.07E-02		1.10E-01		2.08E-01		6.04E-01		2.24E-01		6.89E-02		1.64E-01		2.05E-01		3.44E-01		4.47E-01		3.17E-01		3.96E-01		1.80E-01		3.78E-01		8.68E-02		8.17E-02		2.88E-01		1.78E-01		1.58E-01		9.61E-02		2.10E-01		1.16E-01		5.26E-02		1.07E-01		1.79E-01		9.55E-02		1.87E-01		1.40E-01		1.44E-01		5.21E-02		4.84E-02		2.28E-02		2.18E-02		9.23E-02		7.32E-02		2.70E-02		9.89E-03		1.26E-02		2.30E-02		8.07E-03		7.22E-03		9.14E-03		6.75E-03		5.03E-03		3.24E-03		2.55E-03		1.66E-03		9.06E-04		5.66E-04		4.31E-04

												Fish 07 (Chinook)		9.23E-04		5.43E-04		4.46E-04		1.35E-03		2.25E-03		1.46E-03		4.99E-03		1.32E-02		1.46E-02		1.57E-02		1.92E-02		3.30E-02		6.66E-02		7.18E-02		2.83E-02		1.09E-01		1.49E-01		4.05E-02		1.08E-01		1.94E-01		5.69E-01		1.95E-01		4.49E-02		1.54E-01		2.07E-01		3.03E-01		4.75E-01		3.48E-01		4.71E-01		1.50E-01		3.99E-01		7.21E-02		5.62E-02		2.93E-01		1.47E-01		1.58E-01		7.78E-02		2.06E-01		9.29E-02		3.70E-02		9.28E-02		2.03E-01		6.99E-02		1.80E-01		9.77E-02		1.48E-01		6.02E-02		4.66E-02		1.52E-02		1.69E-02		7.89E-02		5.38E-02		1.66E-02		7.06E-03		1.03E-02		1.89E-02		6.98E-03		7.56E-03		1.18E-02		8.65E-03		5.33E-03		4.70E-03		4.54E-03		4.38E-03		1.90E-02		3.43E-02		2.22E-02

												Fish 08 (Sockeye)		1.10E-03		7.96E-04		4.85E-04		1.67E-03		3.11E-03		2.62E-03		6.83E-03		1.53E-02		1.93E-02		2.60E-02		3.36E-02		5.88E-02		7.51E-02		7.77E-02		5.56E-02		1.05E-01		1.56E-01		6.86E-02		1.27E-01		2.23E-01		6.67E-01		2.36E-01		7.99E-02		1.52E-01		1.67E-01		2.51E-01		4.38E-01		2.94E-01		3.91E-01		1.78E-01		3.76E-01		9.49E-02		8.82E-02		2.61E-01		1.69E-01		1.30E-01		9.85E-02		1.82E-01		1.10E-01		5.17E-02		1.10E-01		1.39E-01		6.38E-02		1.17E-01		9.64E-02		1.08E-01		4.21E-02		3.16E-02		1.60E-02		1.67E-02		5.39E-02		4.18E-02		1.58E-02		6.33E-03		7.30E-03		1.19E-02		5.55E-03		3.97E-03		4.47E-03		3.85E-03		2.43E-03		1.40E-03		1.80E-03		1.13E-03		2.41E-03		4.22E-03		4.31E-03

				Noise		0.1						Fish 09 (Sockeye)		1.09E-03		7.84E-04		5.55E-04		1.91E-03		3.59E-03		2.78E-03		8.95E-03		1.86E-02		2.21E-02		2.76E-02		2.99E-02		5.40E-02		8.31E-02		8.51E-02		5.35E-02		1.25E-01		2.06E-01		6.83E-02		1.28E-01		2.09E-01		6.66E-01		2.16E-01		7.34E-02		1.58E-01		1.94E-01		3.18E-01		5.00E-01		2.54E-01		4.19E-01		1.82E-01		3.44E-01		9.33E-02		8.04E-02		2.95E-01		2.00E-01		1.55E-01		8.34E-02		2.45E-01		1.29E-01		5.46E-02		9.55E-02		1.68E-01		7.35E-02		1.73E-01		8.53E-02		1.09E-01		4.31E-02		3.35E-02		1.33E-02		1.36E-02		6.13E-02		4.61E-02		1.60E-02		6.93E-03		8.58E-03		1.25E-02		5.82E-03		5.02E-03		7.51E-03		4.70E-03		3.26E-03		2.27E-03		2.85E-03		2.45E-03		4.62E-03		8.55E-03		8.28E-03

												Fish 10 (Sockeye)		1.08E-03		6.09E-04		4.64E-04		1.74E-03		2.64E-03		2.23E-03		5.49E-03		1.38E-02		1.37E-02		2.79E-02		3.25E-02		4.65E-02		8.36E-02		7.73E-02		4.23E-02		9.45E-02		1.38E-01		5.91E-02		1.08E-01		2.04E-01		6.10E-01		2.25E-01		6.57E-02		1.48E-01		1.94E-01		2.86E-01		4.98E-01		2.41E-01		4.06E-01		1.77E-01		3.66E-01		8.31E-02		9.05E-02		2.90E-01		1.82E-01		1.37E-01		9.08E-02		2.09E-01		1.11E-01		5.07E-02		1.04E-01		1.46E-01		8.17E-02		1.38E-01		1.13E-01		1.00E-01		3.00E-02		2.64E-02		1.64E-02		1.52E-02		5.71E-02		4.45E-02		1.72E-02		4.98E-03		7.32E-03		1.03E-02		5.39E-03		3.33E-03		3.49E-03		4.03E-03		2.37E-03		1.27E-03		9.51E-04		6.80E-04		4.50E-04		4.39E-04		4.72E-04

												Shore		1.71E-04		1.76E-04		1.11E-04		6.95E-04		1.65E-03		3.69E-04		7.93E-04		1.39E-03		2.67E-03		2.91E-03		4.89E-03		7.70E-03		1.13E-02		1.76E-02		8.75E-03		4.00E-02		8.04E-02		2.12E-02		8.85E-02		9.49E-02		7.52E-01		2.97E-01		6.34E-02		1.60E-01		2.57E-01		3.92E-01		5.52E-01		2.45E-01		2.59E-01		1.81E-01		3.37E-01		4.53E-02		7.16E-02		2.69E-01		1.36E-01		6.96E-02		2.67E-02		1.02E-01		4.02E-02		1.75E-02		5.60E-02		8.74E-02		2.04E-02		4.77E-02		3.58E-02		2.89E-02		7.36E-03		5.96E-03		2.57E-03		3.03E-03		9.48E-03		8.37E-03		2.66E-03		9.34E-04		1.19E-03		1.86E-03		8.65E-04		7.85E-04		1.28E-03		9.12E-04		5.65E-04		4.55E-04		3.36E-04		3.26E-04		5.53E-04		8.50E-04		9.89E-04
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		Tower Counts		Track Counts		Tower Counts		Track Counts		Error				Tower Counts		Error				Tower Counts		Percent Error

		43		16		430		160		270				430		270				430		0.6279069767

		48		17.5		480		175		305				480		305				480		0.6354166667

		52		11		520		110		410				520		410				520		0.7884615385

		52		14		520		140		380				520		380				520		0.7307692308

		54		14		540		140		400				540		400				540		0.7407407407

		54		17		540		170		370				540		370				540		0.6851851852

		54		17.5		540		175		365				540		365				540		0.6759259259

		68		17		680		170		510				680		510				680		0.75

		56		21.5		560		215		345				560		345				560		0.6160714286

		56		26.5		560		265		295				560		295				560		0.5267857143

		61.5		21		615		210		405				615		405				615		0.6585365854

		65		23		650		230		420				650		420				650		0.6461538462

		62.5		26		625		260		365				625		365				625		0.584

		62		34		620		340		280				620		280				620		0.4516129032

		30		12.5		300		125		175				300		175				300		0.5833333333

		35		15.5		350		155		195				350		195				350		0.5571428571

		35		12.5		350		125		225				350		225				350		0.6428571429

		37.5		15		375		150		225				375		225				375		0.6

		37.5		14		375		140		235				375		235				375		0.6266666667

		39		14		390		140		250				390		250				390		0.641025641

		39		15		390		150		240				390		240				390		0.6153846154

		40		12.5		400		125		275				400		275				400		0.6875

		41		14		410		140		270				410		270				410		0.6585365854

		41.5		13.5		415		135		280				415		280				415		0.6746987952

		42		12.5		420		125		295				420		295				420		0.7023809524

		42		13		420		130		290				420		290				420		0.6904761905

		42.5		12.5		425		125		300				425		300				425		0.7058823529

		43		12.5		430		125		305				430		305				430		0.7093023256

		47		12		470		120		350				470		350				470		0.7446808511

		45		14		450		140		310				450		310				450		0.6888888889

		45		15		450		150		300				450		300				450		0.6666666667

		45		15		450		150		300				450		300				450		0.6666666667

		6		4		60		40		20				60		20				60		0.3333333333

		8		3		80		30		50				80		50				80		0.625

		6		5		60		50		10				60		10				60		0.1666666667

		8		5		80		50		30				80		30				80		0.375

		6		6		60		60		0				60		0				60		0

		6		5.5		60		55		5				60		5				60		0.0833333333

		7		7		70		70		0				70		0				70		0

		7		6		70		60		10				70		10				70		0.1428571429

		8		6		80		60		20				80		20				80		0.25

		9		6		90		60		30				90		30				90		0.3333333333

		10		6		100		60		40				100		40				100		0.4

		11		6		110		60		50				110		50				110		0.4545454545

		12		6		120		60		60				120		60				120		0.5

		11		5		110		50		60				110		60				110		0.5454545455

		13		5		130		50		80				130		80				130		0.6153846154

		8		6.5		80		65		15				80		15				80		0.1875

		9		6.5		90		65		25				90		25				90		0.2777777778

		10		6.5		100		65		35				100		35				100		0.35

		11		6.5		110		65		45				110		45				110		0.4090909091

		13		6.5		130		65		65				130		65				130		0.5

		9		7.5		90		75		15				90		15				90		0.1666666667

		11		7.5		110		75		35				110		35				110		0.3181818182

		14		7.5		140		75		65				140		65				140		0.4642857143

		18		7.5		180		75		105				180		105				180		0.5833333333

		13		8		130		80		50				130		50				130		0.3846153846

		17		8		170		80		90				170		90				170		0.5294117647

		11		8		110		80		30				110		30				110		0.2727272727

		13		8.5		130		85		45				130		45				130		0.3461538462

		12		9		120		90		30				120		30				120		0.25

		15		10		150		100		50				150		50				150		0.3333333333

		14		11		140		110		30				140		30				140		0.2142857143

		16		11		160		110		50				160		50				160		0.3125

		18		11		180		110		70				180		70				180		0.3888888889

		15		12		150		120		30				150		30				150		0.2

		16		12		160		120		40				160		40				160		0.25

		1		1		10		10		0				10		0				10		0

		1.5		1.5		15		15		0				15		0				15		0

		2		2		20		20		0				20		0				20		0

		2.5		2.5		25		25		0				25		0				25		0

		3		3		30		30		0				30		0				30		0

		3.5		3.5		35		35		0				35		0				35		0

		4		4		40		40		0				40		0				40		0

		5		5		50		50		0				50		0				50		0

		1.5		1		15		10		5				15		5				15		0.3333333333

		2		1.5		20		15		5				20		5				20		0.25

		2.5		3		25		30		5				25		5				25		0.2

		3		3.5		30		35		5				30		5				30		0.1666666667

		4		4.5		40		45		5				40		5				40		0.125

		5.5		5		55		50		5				55		5				55		0.0909090909

		5.5		5.5		55		55		0				55		0				55		0
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		171.2121212121		171.2121212121		171.2121212121		171.2121212121		171.2121212121		171.2121212121		171.2121212121		171.2121212121

		172.7272727273		172.7272727273		172.7272727273		172.7272727273		172.7272727273		172.7272727273		172.7272727273		172.7272727273

		174.2424242424		174.2424242424		174.2424242424		174.2424242424		174.2424242424		174.2424242424		174.2424242424		174.2424242424

		175.7575757576		175.7575757576		175.7575757576		175.7575757576		175.7575757576		175.7575757576		175.7575757576		175.7575757576

		177.2727272727		177.2727272727		177.2727272727		177.2727272727		177.2727272727		177.2727272727		177.2727272727		177.2727272727

		178.7878787879		178.7878787879		178.7878787879		178.7878787879		178.7878787879		178.7878787879		178.7878787879		178.7878787879

		180.303030303		180.303030303		180.303030303		180.303030303		180.303030303		180.303030303		180.303030303		180.303030303

		181.8181818182		181.8181818182		181.8181818182		181.8181818182		181.8181818182		181.8181818182		181.8181818182		181.8181818182

		183.3333333333		183.3333333333		183.3333333333		183.3333333333		183.3333333333		183.3333333333		183.3333333333		183.3333333333

		184.8484848485		184.8484848485		184.8484848485		184.8484848485		184.8484848485		184.8484848485		184.8484848485		184.8484848485

		186.3636363636		186.3636363636		186.3636363636		186.3636363636		186.3636363636		186.3636363636		186.3636363636		186.3636363636

		187.8787878788		187.8787878788		187.8787878788		187.8787878788		187.8787878788		187.8787878788		187.8787878788		187.8787878788

		189.3939393939		189.3939393939		189.3939393939		189.3939393939		189.3939393939		189.3939393939		189.3939393939		189.3939393939

		190.9090909091		190.9090909091		190.9090909091		190.9090909091		190.9090909091		190.9090909091		190.9090909091		190.9090909091

		192.4242424242		192.4242424242		192.4242424242		192.4242424242		192.4242424242		192.4242424242		192.4242424242		192.4242424242

		193.9393939394		193.9393939394		193.9393939394		193.9393939394		193.9393939394		193.9393939394		193.9393939394		193.9393939394

		195.4545454545		195.4545454545		195.4545454545		195.4545454545		195.4545454545		195.4545454545		195.4545454545		195.4545454545

		196.9696969697		196.9696969697		196.9696969697		196.9696969697		196.9696969697		196.9696969697		196.9696969697		196.9696969697

		198.4848484848		198.4848484848		198.4848484848		198.4848484848		198.4848484848		198.4848484848		198.4848484848		198.4848484848

		200		200		200		200		200		200		200		200



Day One

Day Two

Fish 01 (Chinook)

Fish 02 (Sockeye)

Fish 03 (Chinook)

Fish 04 (Chinook)

Fish 07 (Chinook)

Fish 08 (Sockeye)

Fish 09 (Sockeye)

Fish 10 (Sockeye)

0.0003105196

0.0003569695

0.0003133024

0.0008885241

0.0009228159

0.0011025417

0.0010857309

0.0010804891

0.0002653519

0.000273883

0.000327679

0.0008714753

0.0005426592

0.0007958325

0.0007838454

0.0006085082

0.0001212593

0.0001368517

0.0001826006

0.0007336178

0.0004459218

0.0004851182

0.0005545231

0.000464141

0.0005692228

0.0006537782

0.0003727512

0.0011338626

0.0013549431

0.001665389

0.0019116874

0.0017361537

0.0010574179

0.0012489699

0.0007392034

0.0019441225

0.0022480371

0.0031052575

0.0035880359

0.0026404929

0.000655084

0.0008062605

0.0004104026

0.0016615313

0.0014567718

0.0026226454

0.00277969

0.0022313474

0.0031751879

0.0028469924

0.002390521

0.0042347068

0.0049884112

0.0068285418

0.0089486578

0.0054892641

0.007189022

0.006096114

0.004955093

0.0093789

0.0131761767

0.0152806995

0.0185884088

0.013799604

0.0063362153

0.0052716273

0.0037825665

0.0100626865

0.0146367437

0.0192820408

0.0221396044

0.013699799

0.0079165156

0.0053038162

0.0047678789

0.0135465884

0.0157323279

0.0260379576

0.0276405088

0.0279461295

0.0084391197

0.0047510095

0.0039504464

0.0190321826

0.0191637089

0.0335857402

0.0298774056

0.0324682924

0.0182367655

0.010316365

0.0111433533

0.0294761312

0.0330287368

0.058827172

0.0539636218

0.0464945046

0.0413199208

0.0206459305

0.0266276144

0.0476270156

0.066551308

0.0750867989

0.0831076293

0.0836315005

0.0477697579

0.0226313739

0.0303682334

0.0555279258

0.071790025

0.0777260226

0.0851115685

0.0772822911

0.0157373097

0.0110194576

0.0115692864

0.0304503055

0.0283473495

0.0555877012

0.0534646302

0.0423295674

0.0533378554

0.0290948989

0.0377745617

0.0854941724

0.1085226309

0.1054114917

0.1247084974

0.0944785439

0.084026308

0.053490551

0.0701887797

0.1301130967

0.14879343

0.1562276119

0.2060744248

0.138373111

0.0161694613

0.0126347175

0.0117470247

0.0407446004

0.040503503

0.0685691279

0.0682888972

0.0591413687

0.0523382205

0.0331347377

0.0427446153

0.110011432

0.1078240624

0.1271601338

0.1277966214

0.1080781859

0.0986844508

0.0548372303

0.0650173805

0.2078205957

0.1937143353

0.2226198353

0.2088862124

0.2043459294

0.4361049179

0.26785838

0.330945697

0.6038327309

0.5693408883

0.6668271844

0.666384823

0.6099426074

0.1482274625

0.0843408935

0.1016494734

0.2240851307

0.1949286348

0.236352862

0.215655775

0.2247658609

0.0231406005

0.0158579048

0.0151062235

0.0688637806

0.0449125994

0.0798622882

0.0734223275

0.065713386

0.125061848

0.0685041506

0.072278962

0.1635803249

0.1537097201

0.1516529388

0.1583640615

0.1475052563

0.1596414526

0.097664223

0.1084198329

0.2047171457

0.207281583

0.1669269028

0.1936724948

0.1944874817

0.214053861

0.1573700872

0.1289647848

0.3435374179

0.3025572001

0.2514825932

0.3181178429

0.286457939

0.3129847574

0.2310779085

0.2237553527

0.4472650519

0.4749247501

0.4377567241

0.4997220672

0.498286116

0.1996877686

0.1326547605

0.1015725721

0.3168054986

0.3481370666

0.2937609153

0.2535929292

0.2407097599

0.352865015

0.2822637737

0.2267384096

0.3955835631

0.4707752816

0.3908713362

0.4188023058

0.4058200987

0.1208707167

0.1094614865

0.0767182914

0.1795543894

0.1495081619

0.1775362677

0.1820774119

0.1771853617

0.3042185491

0.2744131961

0.1944699845

0.3781301432

0.3987150771

0.3756495423

0.3436689019

0.3659383221

0.0303406058

0.0362673992

0.0295113511

0.0868486705

0.072093431

0.0949375843

0.0933226085

0.0831108674

0.0367140395

0.0398703761

0.0307486225

0.0816934364

0.0562361492

0.088167389

0.0804306043

0.0905058924

0.7465020378

0.741821918

0.908092481

0.2880831968

0.2928546076

0.2612606723

0.2946663112

0.2897254369

0.4446624586

0.4135281488

0.5130246155

0.1776414782

0.1473936565

0.1692383432

0.2002927121

0.1821360831

0.1481648952

0.1770703072

0.0904387319

0.1578800903

0.1581192936

0.130322511

0.1554822258

0.1372465656

0.0426877533

0.043454958

0.0326697685

0.0960630206

0.0777974958

0.0985469478

0.0834325726

0.0908392762

0.3129871486

0.3561695813

0.1500067522

0.2097206474

0.2055318609

0.1817838563

0.2450252041

0.208708162

0.1180136687

0.1453802451

0.0575879782

0.1159006266

0.0929464858

0.1099247125

0.1294175014

0.1110682969

0.0276283305

0.0369074731

0.0165561373

0.0525677672

0.0369935383

0.0517035117

0.0546020891

0.0506871049

0.0789741902

0.0993630532

0.0347845434

0.1067378074

0.0927717355

0.1095014814

0.0954897574

0.1040977346

0.2429947665

0.3543098806

0.1113179505

0.1793110052

0.2027341832

0.1388750342

0.1678220082

0.1458956392

0.0594831596

0.0785899513

0.0285941962

0.0954629743

0.0698582109

0.063789125

0.0735042527

0.0817104478

0.2758249112

0.4183254485

0.1372320544

0.1868120868

0.180377882

0.1170127752

0.172623717

0.1376541936

0.0661537683

0.0753417897

0.0357272815

0.1397429292

0.0976546333

0.0964418594

0.0852801523

0.1127948203

0.1852544076

0.2847862134

0.0916748632

0.1436851934

0.1480017322

0.1078222905

0.1089533172

0.1004674723

0.0558525889

0.0884197454

0.0255457926

0.0520755951

0.0602362322

0.0421228583

0.0430703286

0.0299896961

0.05373832

0.1083644483

0.0286470857

0.0484401607

0.0465606155

0.031560044

0.0334783876

0.0264495176

0.0079566646

0.0119796629

0.0049975979

0.0228132322

0.0151648972

0.0159681991

0.0132661586

0.0164338896

0.0124159081

0.022555142

0.0063229154

0.0218306704

0.0169366101

0.016703729

0.0136094792

0.0151834488

0.1183184391

0.2620562654

0.0528956246

0.0923145718

0.078901472

0.053889318

0.0612785341

0.057058507

0.0726967957

0.1527112732

0.0344946355

0.0731519848

0.0538272693

0.0418275817

0.0461175014

0.044465869

0.0188404563

0.0387905486

0.0094300747

0.027029827

0.0166113255

0.0158019624

0.016042978

0.0172367595

0.0049614831

0.0103089366

0.0025878023

0.0098878549

0.0070555874

0.0063267601

0.0069268216

0.0049833766

0.0128754088

0.0317723513

0.0057775338

0.0126236921

0.0103396106

0.0073006886

0.0085825611

0.0073241367

0.0213574304

0.0621377518

0.0101476917

0.0229772307

0.0188569281

0.0119113659

0.0125280014

0.0103056487

0.0054744476

0.0155991446

0.0028708231

0.0080721096

0.0069804925

0.0055534703

0.0058214645

0.0053878265

0.0079172527

0.0227610209

0.0031358064

0.0072163153

0.0075582711

0.0039681821

0.0050192634

0.0033306642

0.0130034692

0.0370637019

0.0047619597

0.0091391632

0.0117982998

0.0044734005

0.0075086386

0.0034896678

0.0047343716

0.0115425935

0.0017872963

0.0067510796

0.008647451

0.0038458767

0.0046972315

0.0040254358

0.0026833162

0.0067110076

0.001206537

0.0050313483

0.0053331013

0.0024254734

0.0032578596

0.0023692709

0.0012680748

0.0032463262

0.0006710183

0.0032363386

0.0046972815

0.0013983529

0.0022749133

0.0012664598

0.0013111623

0.0034962628

0.0006869189

0.0025541349

0.0045384898

0.0018011849

0.0028462328

0.0009505107

0.001184745

0.0030028703

0.000494534

0.001661304

0.0043799097

0.0011317312

0.0024493847

0.0006799463

0.001212206

0.0031303534

0.0005173787

0.0009060496

0.0190117093

0.0024056588

0.0046162396

0.0004504326

0.0002938739

0.0008056663

0.0002127526

0.0005661993

0.0343116027

0.0042182573

0.0085458293

0.0004394218

0.000208857

0.0003356786

0.0001235385

0.0004314704

0.0222427851

0.0043138329

0.0082839568

0.0004724456



Sheet1

		PingSeriesID		PingNumber		EchoNumber		Range		TargetStrength		Target		100.0		101.5		103.0		104.5		106.1		107.6		109.1		110.6		112.1		113.6		115.2		116.7		118.2		119.7		121.2		122.7		124.2		125.8		127.3		128.8		130.3		131.8		133.3		134.8		136.4		137.9		139.4		140.9		142.4		143.9		145.5		147.0		148.5		150.0		151.5		153.0		154.5		156.1		157.6		159.1		160.6		162.1		163.6		165.2		166.7		168.2		169.7		171.2		172.7		174.2		175.8		177.3		178.8		180.3		181.8		183.3		184.8		186.4		187.9		189.4		190.9		192.4		193.9		195.5		197.0		198.5		200.0

												Fish 01 (Chinook)		0.0003105196		0.0002653519		0.0001212593		0.0005692228		0.0010574179		0.000655084		0.0031751879		0.007189022		0.0063362153		0.0079165156		0.0084391197		0.0182367655		0.0413199208		0.0477697579		0.0157373097		0.0533378554		0.084026308		0.0161694613		0.0523382205		0.0986844508		0.4361049179		0.1482274625		0.0231406005		0.125061848		0.1596414526		0.214053861		0.3129847574		0.1996877686		0.352865015		0.1208707167		0.3042185491		0.0303406058		0.0367140395		0.7465020378		0.4446624586		0.1481648952		0.0426877533		0.3129871486		0.1180136687		0.0276283305		0.0789741902		0.2429947665		0.0594831596		0.2758249112		0.0661537683		0.1852544076		0.0558525889		0.05373832		0.0079566646		0.0124159081		0.1183184391		0.0726967957		0.0188404563		0.0049614831		0.0128754088		0.0213574304		0.0054744476		0.0079172527		0.0130034692		0.0047343716		0.0026833162		0.0012680748		0.0013111623		0.001184745		0.001212206		0.0002938739		0.000208857

												Fish 02 (Sockeye)		0.0003569695		0.000273883		0.0001368517		0.0006537782		0.0012489699		0.0008062605		0.0028469924		0.006096114		0.0052716273		0.0053038162		0.0047510095		0.010316365		0.0206459305		0.0226313739		0.0110194576		0.0290948989		0.053490551		0.0126347175		0.0331347377		0.0548372303		0.26785838		0.0843408935		0.0158579048		0.0685041506		0.097664223		0.1573700872		0.2310779085		0.1326547605		0.2822637737		0.1094614865		0.2744131961		0.0362673992		0.0398703761		0.741821918		0.4135281488		0.1770703072		0.043454958		0.3561695813		0.1453802451		0.0369074731		0.0993630532		0.3543098806		0.0785899513		0.4183254485		0.0753417897		0.2847862134		0.0884197454		0.1083644483		0.0119796629		0.022555142		0.2620562654		0.1527112732		0.0387905486		0.0103089366		0.0317723513		0.0621377518		0.0155991446		0.0227610209		0.0370637019		0.0115425935		0.0067110076		0.0032463262		0.0034962628		0.0030028703		0.0031303534		0.0008056663		0.0003356786

												Fish 03 (Chinook)		0.0003133024		0.000327679		0.0001826006		0.0003727512		0.0007392034		0.0004104026		0.002390521		0.004955093		0.0037825665		0.0047678789		0.0039504464		0.0111433533		0.0266276144		0.0303682334		0.0115692864		0.0377745617		0.0701887797		0.0117470247		0.0427446153		0.0650173805		0.330945697		0.1016494734		0.0151062235		0.072278962		0.1084198329		0.1289647848		0.2237553527		0.1015725721		0.2267384096		0.0767182914		0.1944699845		0.0295113511		0.0307486225		0.908092481		0.5130246155		0.0904387319		0.0326697685		0.1500067522		0.0575879782		0.0165561373		0.0347845434		0.1113179505		0.0285941962		0.1372320544		0.0357272815		0.0916748632		0.0255457926		0.0286470857		0.0049975979		0.0063229154		0.0528956246		0.0344946355		0.0094300747		0.0025878023		0.0057775338		0.0101476917		0.0028708231		0.0031358064		0.0047619597		0.0017872963		0.001206537		0.0006710183		0.0006869189		0.000494534		0.0005173787		0.0002127526		0.0001235385

												Fish 04 (Chinook)		8.89E-04		8.71E-04		7.34E-04		1.13E-03		1.94E-03		1.66E-03		4.23E-03		9.38E-03		1.01E-02		1.35E-02		1.90E-02		2.95E-02		4.76E-02		5.55E-02		3.05E-02		8.55E-02		1.30E-01		4.07E-02		1.10E-01		2.08E-01		6.04E-01		2.24E-01		6.89E-02		1.64E-01		2.05E-01		3.44E-01		4.47E-01		3.17E-01		3.96E-01		1.80E-01		3.78E-01		8.68E-02		8.17E-02		2.88E-01		1.78E-01		1.58E-01		9.61E-02		2.10E-01		1.16E-01		5.26E-02		1.07E-01		1.79E-01		9.55E-02		1.87E-01		1.40E-01		1.44E-01		5.21E-02		4.84E-02		2.28E-02		2.18E-02		9.23E-02		7.32E-02		2.70E-02		9.89E-03		1.26E-02		2.30E-02		8.07E-03		7.22E-03		9.14E-03		6.75E-03		5.03E-03		3.24E-03		2.55E-03		1.66E-03		9.06E-04		5.66E-04		4.31E-04
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												Shore		1.71E-04		1.76E-04		1.11E-04		6.95E-04		1.65E-03		3.69E-04		7.93E-04		1.39E-03		2.67E-03		2.91E-03		4.89E-03		7.70E-03		1.13E-02		1.76E-02		8.75E-03		4.00E-02		8.04E-02		2.12E-02		8.85E-02		9.49E-02		7.52E-01		2.97E-01		6.34E-02		1.60E-01		2.57E-01		3.92E-01		5.52E-01		2.45E-01		2.59E-01		1.81E-01		3.37E-01		4.53E-02		7.16E-02		2.69E-01		1.36E-01		6.96E-02		2.67E-02		1.02E-01		4.02E-02		1.75E-02		5.60E-02		8.74E-02		2.04E-02		4.77E-02		3.58E-02		2.89E-02		7.36E-03		5.96E-03		2.57E-03		3.03E-03		9.48E-03		8.37E-03		2.66E-03		9.34E-04		1.19E-03		1.86E-03		8.65E-04		7.85E-04		1.28E-03		9.12E-04		5.65E-04		4.55E-04		3.36E-04		3.26E-04		5.53E-04		8.50E-04		9.89E-04

												Clutter		1.53E-02		9.98E-03		1.03E-02		1.17E-02		1.70E-02		1.84E-02		1.69E-02		3.72E-02		7.23E-02		7.62E-02		9.86E-02		1.55E-01		1.24E-01		9.56E-02		1.74E-01		2.26E-01		2.20E-01		1.47E-01		1.34E-01		2.39E-01		5.94E-01		2.42E-01		1.41E-01		1.29E-01		1.38E-01		2.16E-01		4.70E-01		3.12E-01		3.21E-01		1.53E-01		3.10E-01		1.08E-01		9.54E-02		2.33E-01		2.09E-01		1.14E-01		9.64E-02		1.59E-01		1.43E-01		6.35E-02		1.85E-01		1.97E-01		6.89E-02		1.52E-01		1.41E-01		1.28E-01		4.56E-02		4.48E-02		2.80E-02		2.46E-02		6.24E-02		6.08E-02		2.61E-02		9.36E-03		9.44E-03		1.14E-02		7.21E-03		6.47E-03		6.21E-03		5.56E-03		5.20E-03		3.02E-03		2.78E-03		1.62E-03		1.34E-03		1.62E-03		1.79E-03
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Case 1:  Locate ping in window.
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Case 2:  Didn’t locate ping in window.
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